Google 



This is a digital copy of a book lhal w;ls preserved for general ions on library shelves before il was carefully scanned by Google as pari of a project 

to make the world's books discoverable online. 

Il has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one thai was never subject 

to copy right or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often dillicull lo discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher lo a library and linally lo you. 

Usage guidelines 

Google is proud lo partner with libraries lo digili/e public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order lo keep providing this resource, we have taken steps to 
prevent abuse by commercial panics, including placing Icchnical restrictions on automated querying. 
We also ask that you: 

+ Make n on -commercial use of the files We designed Google Book Search for use by individuals, and we request thai you use these files for 
personal, non -commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort lo Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each lile is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use. remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 

countries. Whether a book is slill in copyright varies from country lo country, and we can'l offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through I lie lull lexl of 1 1 us book on I lie web 
al |_-.:. :.-.-:: / / books . qooqle . com/| 



» f • t ' 



Friction and Lubrication, 



DETERMINATIONS OF THE LAWS 

AND COEFFICIENTS OF FRICTION BY NEW METHODS 

AND WITH NEW APPARATUS. 



A- 



"^ BY 

ROBERT H. THURSTON, A.M., C.E., 

Professor of Mechanical Engineering at the Stevens Institute of 

Technology , Member of American Society of Civil Engineers ; 

American Inst i tut e of Mining Engineers; Fellow op 

N. Y. Academy of Science, etc., etc. 



published by 
The Railroad Gazette," 73 Broadway, New York. 

1879. 



f- .». 



THE NEW YORK 

PUBLIC LIBRARY 



=*' 



Mill 

,'/ T R ; LENOX AND 

ti A ldenVouhdation 

1919 



* • * • 



c * 



• I 



* • 



• . • -I 

. » 



• • • 

• % 



Copyright, 1879. 

BY 

ROBERT H. THURSTON. 



Evening Post Steam Presses 308 Broadway, N. Y. 



PREFACE. 



The lectures from which the following monograph is condensed, 
have grown out of an attempt to comply with the request of the 
Committee of the Master Car-builders Association to present the 
well-known * facts, and others that had been determined by the 
lecturer relating to the subject, in a lecture at the rooms of that 
association in New York, December 20th, 1877. 

An abstract of the lecture then given appeared in the Railroad 
Gazette of January 18th, 1878 (Vol. X, p. 23). See also Johnson's 
Universal Cyclopedia, Ont., Friction. 

Since that time this investigation has been resumed, and the 
experimental work since accomplished in the Mechanical Labor- 
atory of the Stevens Institute of Technology is here given, the whole 
presenting, it is thought, a complete resume of existing knowledge 
on this, to the engineer, most important subject. The more recent 
determinations have been, in some cases, published in papers read 
before the American Association for Advancement of Science and the 
American Institute of Mining Engineers, 1878. 
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LECTURES 



ON 



ririion, lubrication and infatafc 



i. Friction is a resistance which is always 
met when two bodies or particles, whether solid, 
liquid or gaseous, are compelled to move, one 
upon another. There are three kinds of friction, 
so called; rolling and sliding *vith solids, and 
fluid friction with liquids and gases. These are 
all governed by different laws, and with each, 
the statements of those laws, as usually given 
in the text-books, probably require some modifi- 
cation. 

2. Rolling Friction. — Coulomb was the first 
to determine the law of rolling friction, and he 
found that, so long as the wheel or roller and 
the surface on which it rolled were not injured, 
the resistance was proportional to the weight, 
and diminished as the diameter of the wheel 
increased. 

Coulomb and others have, as will be shown at 

greater length presently, found R=/~ 9 in which 
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R is the resistance applied at the circumference 
of the wheel, Wthc total weight, r the radius of 
the wheel, and / a coefficient which is very 
variable and equal to as much as 0.06 for wood 
and 0.005 f° r metal. 

When the pressure becomes so great as to 
crush the fibres of the wood, the friction is 
increased irregularly, and cannot be estimated 
wich any degree of accuracy. 

Experiments, similar to those made by Cou- 
lomb in 1 78 1, have been also made by General 
Morin at the Conservatoire Des Arts et Metiers, 
Paris, in which oak rollers nine inches in 
diameter were used under small loads, and 
rolling upon poplar rails, Morin also concluded 
the resistance to be proportional to the pressure 
and inversely as the diameter of the roller. 

Expressed algebraically, R=f^, as before ; 

but he also found that the resistance increased 
with diminishing bearing surface. 

With a bearing of 0.656 feet, or 9 inches, and 
loads of 350 to 450 pounds, the value of/ was 
found to average 0.002874; with bearing of a 
total width of 0.081 feet, or ten inches, and 
loads of 375 to 450 pounds, the value was 
/=o. 006374. 

3. The same laws were found by Morin, about 
1840, to be applicable to vehicles with little 
modification. He states : 



/ 



/. 
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proportional to the total weight, inversely as 
the square root of the diameter of wheel, and 
unchanged by variations of either speed or 
width of tire. On paved streets the resistance 
increases at such high speed as give rise to 
concussions, and is diminished by increasing the 
breadth of tire. 

Debauve (1873) found the resistances on 
macadamized roads to vary from 70 pounds per 
ton for heavy carts, to 80 for carriages, and from 
40 to 80 on paved streets, for the same classes of 
vehicles. 

Tresca found the resistance of an omnibus to 
be, at ten miles an hour, 80 to 85 pounds per 
ton on macadamized roads, and 65 or 70 on 
paved streets. 

The draught of heavy wagons becomes as 
high as o. 10, — 224 lbs. per ton — and usually is not 
far below 0.07 — about 150 pounds per ton, on 
soft ground, as in fields. 

A committee of the Society of Arts reported 
a loaded omnibus to exhibit a resistance * on 
various roads, of: 



Pavement 


Speed 


Resistance. 


On Granite paving 


2.87 miles 


I7.4I lbs. 


per ton. 


" Asphalte 


3.56 « 


27.14 


u 


" Wood 


3-34 " 


41.60 


it 


" Macadam, graveled 


3-45 " 


44.48 


U 


" ."« granite, hew 


3-51 " 


IOI.O9 


(( 



* See Clarke's " Manual for Mechanical Engineers," 1877. 
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Clarke deduces, from published experiments, 
the formula — * 

in which the resistance, R, is given in pounds 
per toll, the velocity v being taken in miles per 
hour, and the road being assumed to be well 
macadamized. The same authority states that 
a good Flemish draught-horse will work at 
the rate of about 22 ton-miles per day in sum- 
mer, and 28 in winter, averaging 25 for the 
year. 

5. The Frictional Resistance of Railroad- 
trains is principally rolling friction, the sliding 
friction of the axle journals in their bearings 
forming a small proportion of the total resist- 
ance, under good working conditions. A rail- 
road train in good order, and on a good road, 
will not be safe against starting under the 
action of gravity alone, unless the gradient is 
less than 18 or 20 feet to the mile ; once started, 
it will continue in motion on gradients as low 
as 13 feet per mile. Under the latter condi- 
tions, and at the low speed due to so slight a 
decline, axle and flange friction may probably 
be neglected. The coefficient of rolling fric- 
tion for trains in good order is therefore ^fxr* 
or nearly 0.0025, equivalent to one-quarter of 
one per cent, or less than 6 pounds per ton. 

• " Manual." p. 964. 
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This latter figure is the minimum usually taken 
by engineers in estimating the resistance of 
trains, inclusive of axle and flange friction. 

This part of the rolling resistance is the same 
at all velocities. 

The resistance at starting, as above, is seen to 
be greatly in excess of the rolling friction 
during motion. It is composed in a greater 
degree of the journal friction, and has, as its 
measure 3^^0=0.0038, or about | of one per 
cent., equivalent to 8£ pounds per ton. 

The resistance of a locomotive is much higher 
than that of the train, and is taken at 0.005 — 
one-half per cent., or about 12 pounds per ton, 
and this includes the resistances due to the 
motion of its machinery. 

Rolling friction is usually overcome by an 
effort applied at the axis of the wheel or roller, 
as in cars, wagons, &c, but sometimes by a 
force applied at the circumference. In the lat- 
ter case, the "moment,", or leverage of the ap- 
plied force is greater, and its required intensity 
correspondingly reduced to one-half the former. 

Where journals are carried on friction-rollers, 
the rolling friction thus introduced is added to 
the total resistance ; but the sliding journal 
friction is reduced nearly in the proportion of 
the diameters of the friction-rollers to the 
diameters of the journals of the latter. The 
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totaf work of friction, which is the product of 
the resistance into the distance through which 
that resistance is overcome, is thus often greatly 
reduced. In cases in which the frictional resist- 
ance is increased, there will still be an economy 
of power, if the work of friction can be, at 
the same time, lessened in a greater propor- 
tion. 

The resistance on railroads, under average 
conditions, and including all forms of resistance, 
is given by Clarke as : 

For train only, . . R=6+ . 

240 

For engine and train, ^=84- 

171 

On street railroads, the resistances of the 
cars are greater and sometimes four times as 
great as on railroads. Hughes found, on an 
English " tram-way " a resistance of 26 pounds 
per ton. 

These frictional resistances are sometimes on 
railroads greatly increased by the resistance of 
the air, which as "head resistance," amounts 
— in lbs. per square foot of front exposed — to 0.005 
of the square of the velocity in miles per hour 
with which the air meets the head of the train. 
Side winds often increase the flange resistance 
seriously, and thus greatly add to the power 
required in hauling trains. 



»7 

The amount of elevation of the outer rail 

should be, according to Whinery : 

V* 

n 32.2 R 

E = 4.9 » -~ == 

N/ 1_r 1,036.8^2 

This amounts to 6 inches for a io° curve, at 
30 miles an hour, or for a 3 curve at r 6o miles 
on standard (4/ 8£") gauge. For 60 miles and a 
ii° curve, the elevation becomes two feet. 

At 25 miles per hour, the resistance is 
increased by curvature about 0.4 pound per 
degree and per ton. 

Chanute* thus analyzes this increase of resist- 
ance : 

Due to twist of wheel 0.001 

slip " 0.1713 

flange friction o. 2450 

loss at couplings 0.02 13 

Total 0-4386 

Loose wheels reduce this loss 20 or 25 per 
cent. The rigid form of wheel-base of European 
cars and locomotives doubles the increase due to 
curves, as well as increases the resistance on 
the straight line. The "coning" of wheels 
somewhat increases the resistance — according to 
Chanute, from o. 1 2$ to 0.25 pound per degree of 
curve and per ton. 

— ■' ■■ *■■ ■ " ■■■■■ — 1 H ii 1 ■■ 1 — 

Trans. Am. Soc C. p." April, 1878. 
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7. The friction, so-called, of cords, or more 
properly, the resistance due to the rigidity of 
flexed cords or ropes, where used on pullies and 
on the sheaves of pulley-blocks, may best be con- 
sidered here, although it is not a kind of true 
friction. 

The theory of this kind of resistance, which 
ascribes it to the rigidity of the cordage, is too 
complicated to be given here. An approximate 
value is given by the following formulas, in 
which R is the resistance in pounds, T the ten- 
sion on the unrolling part of the cord, d the 
diameter of the cord in inches, and D that of the 
pulley : 

d* 
For hempen rope, R —0.65 T-q 

For wire rope, 7? — 1.5 T — 

8. Journal Friction. — In all ordinary cases, 
as of journals in well-lubricated bearings, the 
friction probably combines both the other forms 
of resistance, and, consequently, the laws of fric- 
tion, as determined by experiment upon jour- 
nals and as affecting journals are quite different 
from the laws of friction of solids which are 
almost universally enunciated in hand-books and 
text-books. 

In fact, as will be presently seen, the resistance 
of journals revolving in their bearings not only 
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follows a law which is widely different from that 
given in standard works, but, at usual speeds 
and pressures, the amount of that resistance may 
be found to differ immensely from that indicated 
in engineering and mechanical hand-books which 
have hitherto appeared. • 

Combining, as is probable, both forms of frac- 
tional resistance, it would therefore seem evident 
that the laws of friction of journals should 
include both methods of variation of resistance, 
and the wide variation of the facts ascertained 
by experiment from those predicted by the com- 
monly asserted, but, as here applied erroneous, 
so-called laws of friction. 

9. Fluid Friction is found to vary with the 
square of the velocity, and is proportional to the 
area of rubbing surface, and is probably indepen- 
dent of the pressure. In hundreds of experi- 
ments with pressures varying from 5 to 275 
pounds to the square inch, I have found the fric- 
tion of well lubricated journals to vary in such a 
manner as to prove that the law which governs 
such cases is quite different from that which 
applies with dry solids, and have thus found the 
deduction above given confirmed. When a 
lubricant is interposed between the rubbing 
surfaces of a revolving journal and its bearing, 
or between a sliding plane surface and its sup- 
port, if acting effectively, it forms a fluid cushion 
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t>ally due to the viscosity of the interposed 
liquid, and then follows an entirely new law. 
Between these limits the resistance due to fric- 
tion between solid lubricated surfaces is of a 
mixed nature. 

There are two usual ways of measuring fric- 
tion, and of determining the coefficients for 
solids, which are described in the books : 

First. — Place the two bodies in such a position 
that the rubbing surface shall be horizontal ; 
load the upper one to the proposed extent and 
then apply a measurable force to produce 
motion, either by means of a weight or a spring 
balance. The weight of the uppermost piece 
with its load makes up the quantity P 9 and the 
applied force is F. The " coefficient " of fric- 
tion is the^ratio of these quantities, and we have 

/=— _. This value / may be less than one per 

cent., or it may be fifty per cent., according to 
the nature of the materials and their condition 
as respects lubrication. 

The other method is equally easy of applica- 
tion. Lay the one solid on the other and tilt 
them up until the upper will slide on the lower. 
The tangent of the angle is the coefficient of 
friction, and we simply measure the height of a 
point in the surface on which sliding occurs, 
and the horizontal distance of the vertical from 
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Ii. The earliest to experiment in this import- 
ant field was Amontons, who published, in 1699, 
in the memoirs of the old Academy of Sciences, 
values which took a coefficient of about 0.33, or 
one-third, when the rubbing surfaces are coated 
with lard, a value which is far too high for ordin- 
ary work. Coulomb, a French officer of engineers, 
and a member of the Institute, reported experi- 
ments* in 1 78 1, which were more complete and 
more accurate, and in which he determined both 
the friction of rest and that of motion. He states 
that the friction is proportional to the pressure, 
and independent of the extent of surface and of 
the velocity of rubbing, and proves that the 
friction of rest is greater than that of motion. 

12. The most complete series of experiments 
ever made were, however, those of General 
Morin. Although made from 1831 to 1834, they 
are still quoted as standard, by nearly all 
text-books and works on engineering^ The 
apparatus consisted of a box, which could be 
loaded at pleasure, sliding on a bed and moved 
by a weighted cord passing over a pulley at the 
end of bed. The pull was measured and regis- 
tered by a recording dynamometer, attaching 
the cord to the box, which furnished graphic 
representations of all the variations of frictional 
resistance. The curves thus described were 

•"Morin's Mechanics;" p. a6x, New York, x86o. f Vide "Recueil des 
Savants Etrangers," Vols. IV and V. 



parabolas, proving, for the small pressures and 
for the speeds adopted that the friction was con- 
stant and independent of the velocity. It was 
found proportional to the pressure and inde- 
pendent also of the area of surfaces. The same 
law, as respects pressure and area of surface, 
held in the determinations of the friction of rest. 

The slightest jar was found often sufficient to 
reduce the friction of rest to that of motion. 
Fatty unguents were found to diminish the 
amount of friction without changing the law; wa- 
ter proved to have no value as a lubricant. Fric- 
tion during shock was, so far as could be deter- 
mined, subject to the same laws. The pressures 
adopted in these experiments were all very low, 
and therefore gave exceedingly high values of 
the coefficient of friction — values which are 
rarely attained in engineering practice. 

The " Angle of Friction," the " angle of 
repose/' or the " limiting angle of friction/' as 
it is variously termed, is that angle of which the 
tangent is the coefficient of friction. It measures 
the inclination from the horizontal at which the 
sliding body would just start on a smooth plane, 
or would just retain motion once acquired, ac- 
cording as the coefficient is that of rest or of 
motion. Friction is sometimes measured by the 
use of an inclined plane so arranged that this 
angle can be measured. 



13- Coefficient of Friction. — The follow- 
ing table gives the value of the coefficients as 
given by standard authorities: 
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14. G. Rennie, experimenting in 1829, deter-, 
mined some facts which do not appear in Morin's 
reports. He concludes :* 

I. The laws of sliding friction differ with the 
character of the bodies rubbing together. 



2. The friction of fibrous materials is increased 
by increased extent of surface and by time of 
contact, and is diminished by pressure and 
speed. 

3. With wood, metal and stones, within the 
limit of abrasion, friction varies only with the 
pressure, and is independent of the extent of 
surface, time of contact, and the velocity. 

4. The limit of abrasion is determined by the 
hardness ot the softer of the two rubbing parts. 

5. Friction is greatest with soft and least with 
hard materials. 

6. The friction of lubricated surfaces is de- 
termined by the nature of the lubricant, rather 
than by that of the solids themselves. 

Experimenting with cloth, Rennie found the 
resistance to starting to vary with time of rest 
from one-third to even more than the total 
weight. Increase of surface produced great 
increase in the angle of repose. 

15. The following table gives values of the 
coefficient of friction of rest for loads on the 
metals up to the limit of abrasion : 
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Friction of Rest. 



Pressure. 



Pounds 

on 

Sq. Inch. 



Values of/. 



iS6% 
224 

336 
448 
560 
672 
784 



1 

Kilog. 


W't Iron 


Wrought 


on 


on 


on 


Sq. Meter. 


W't Iron. 


Cast Iron. 


131,220 . 


0.25 


0.28 


157,460 


0.27 


0.29 


236,200 


0.31 


0-33 


3M,932 


0.38 


o-37 


393» 66 4 


0.41 


o-37 


472,39 6 


abraded. 


0.38 


551,128 


<( 


abraded. 



Steel 

on 

Cast Iron. 



Brasss 

on 

Cast Iron. 



I 



0.30 

o-33 

o-35 

o-35 
0.36 

0.40 
abraded. 



0.23 
0.22 
0.21 
0.2I 
0.23 
0.23 
0.23 



16. Abrading Friction. — After abrasion be- 
gins, the coefficient rises as the pressure increases. 
The pressure at which this increase begins to 
be observable is as low as 8 pounds per square 
inch with pure tin. 

Rennie, using tool steel, found it to abrade at 
a pressure of 10 tons per inch. He remarks 
that the hardening property of steel and its 
great power of resisting abrasion make it supe- 
rior to all known metals for use in delicate in- 
struments, as in pendulums and balances, where 
these properties are essential. 

The same experimenter, among other re- 
searches, determined the friction of ice upon 
ice, finding it to vary from 12^ per cent, under 
a pressure of one ounce per square inch down 
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to if per cent, where the pressure rose to 9 
pounds. After sixteen hours contact, the fric- 
tion was unchanged at the lower limit, but be- 
came 4 per cent, under the higher pressure. 
The friction of steel skates was 4 per cent, at a 
pressure of two pounds per square inch, but 
only i£ per cent, at 200 pounds. 

17. Friction of Brakes and Rails.— The 
most instructive experiments upon the friction 
of unlubricated metals under heavy pressures 
are probably those obtained on railroads by the 
use of continuous brakes. The data which are 
perhaps most commonly used in estimating the 
adhesion of engines are those given in Moles- 
worth's Pocket Book, which are as follows : 

Adhesion pkr Ton (of 2,240 lbs.) of Load on the Driving 

Wheels. 

When the rails are very dry 600 lbs. per ton. 

'« " " wet 550 " " 

In ordinary English weather 450 " ** 

In misty weathej, if the rails are "greasy" 300 " " 

In frosty or snowy weather 200 " " 

If these figures are used, it will be found that 
practically a locomotive will, at slow speed and 
under favorable circumstances, pull a heavier 
load, and that at high speeds it will not pull as 
much as the figures show that it should — a 
consequence of the now ascertained fact that 
the resistance is affected by speed, as well as by 
pressure and by temperature, 
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A series of experiments were made on the 
Paris & Lyons Railroad " with a wagon, pre- 
sumably having four wheels, of which the brake 
was screwed up, so that the wheels were 
skidded/' The resistance to traction or the 
friction on the rails, at various velocities, was 
as follows: 



Empty Wagons. 


Dry. 


State of 


THE RAN.S. 




3.40 tons. 


Very Dry. 1 Damp. * 


Dry and 
Rusty 


Velocity of wagon. 


Coefficient 
of Friction. 
Weight 
= 1. 


Coefficient 

of Friction. 

Weight 

= 1. 


Coefficient 
of .Friction 
Weight 
= 1. 


Coefficient 
of Friction. 


Miles per hour. 


Weight 

s= I. 


9 to 14 
14 to 18 

l8 tO 22 
22 tO 30 

30 lo 40 
40 to 50 

1 


O.208 
O.I79 
O.167 

• • * • 

O.I44 

• « * • 


• • • • 

O.246 

• • • • 

0.222 
0.202 
0.187 


• • • • 

• • • • 

O.I IO 

• • • • 

O.083 


0.201 
0.182 

01 75 
0.162 

• • • • 

0.136 



From these experiments it will be seen that 
the friction with a dry rail at a speed of 9 to 14 
miles per hour is equal to a little more than one- 
fifth of the load, while at 30 to 40 miles per hour 
it is little more than one-eighth. "* 

The following table shows the result obtained 
by Captain Galton and Mr. Westinghouse by 
the sliding of the wheel on the rail, that is, steel 
tire and steel rails: 



* " Railroad Gazette/' Sept. 20, 1878. 
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Avpkage Speed. 
Miles per hour. 


CoErFlCIENT OF FRICTION 

at commencement of experiment to 3 seconds. 




10 

15 

25 

45 
50 


O.IIO 

O.087 

O.080 

O.O47 

O.05I 

O.O4O 



From these two tables it will be seen that the 
results obtained differ very widely, and that the 
coefficients given by Poiree are almost twice as 
great as those given by Captain Galton. In one 
respect, however, they are both agreed, which 
is that the friction diminishes very rapidly as the 
speed increases.* 

By applying the coefficisnts given in the two 
preceding tables and calculating the adhesion of 
locomotive wheels, and placing the results in 
the form in which Molesworth gives them, we 
would have the following table, in which the co- 
effi jicnts given in the second column of Poiree's 
table are employed in making the calculation.f 

* " Railroad Gazette," Sept. 20, 1878. 

t The coefficient for a speed of 22 to 30 miles per hour and for 40 to 50 
miles per houi not being given in this column, the approximate quantities 0.156 
and 0.133 have been used in (he calculations. 



32 



Adhesion per Ton (2,240 Lbs.) Load on the Driving- 
wheels : 



From Poiree's Data. 


From Galton and Westinghousk. 


Speed in 

miles per 

hour. 


Adhesion. 


Speed in 

miles per 

hour. 


Adhesion. 


9 to 14 
14 to 18 

l8 tO 22 
22 tO 30 

30 to 40 
40 to 50 


465.9 lbs. per ton. 
400.9 «* " 
374.0 " 

349-4 " 

322.5 " " 

297.9 " " 

1 


IO 

15 

25 
38 

45 
50 


246.4 lbs. per ton. 
194.8 " " 
179.2 " " 
127.6 «« • " 
1 14.2 " " 
89.6 " " 



The .results given by Poiree's data at the slow 
speeds do not differ very widely from the data 
as given by Molesworth. 

The Galton-Westinghouse experiments also 
show that the friction of brake-shoes on the 
wheels follows the same law that governs the 
friction of the wheels on the rails. 

The following table shows the more import- 
ant results :* 



Average Speed. 


Coefficient of Friction Between Cast-Iron 


Ft. per sec. 


Miles p. hour. 


Brake-Blocks and Steel Tires of Wheels. 






1st 3 seconds. ! 5 to 7 sec. 


x 2 to 16 sec. 


24 to 25 sec. 


7 


5 


O.360 


• ■ • • 


• • • • 


• • • • 


14 


10 


O.320 


209 


• • • • 




• * • 


35 


20 


O.205 


0.175 


O.I28 


O 


070 


43 


30 


O.184 


O.III 


O.O08 
O 080 




» • • • 


58 


40 


O.I34 


O.IOO 




• • • 


65 


• • 


• • • * 


• • • • 


• • • 




> • • • 


73 


50 


O.IOO 


0.070 


O.056 




• • • 


88 


60 


0.062 

1 


0.054 


O.048 


O 


043 



* ** Lopdor Engineering." Aug 83 *&*& 
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The coefficient with wrought-iron shoes at 
1 8 miles per hour was 0.170, at 31 miles 0.129, 
at 48, o. 1 10 ; being somewhat less than with cast- 
iron, but the difference is not so very marked. 

Captain Galton concludes a recent paper by 
saying that " it may be assumed as an axiom 
that for high velocities a brake is of compara- 
tively small value unless it can bring to bear a 
high pressure upon the surface of the tire almost 
instantaneously, and it should be so constructed 
that the pressure can be reduced in proportion 
as the speed of the train is reduced, so as to 
avoid the sliding of the wheels on the rails."f 

His conclusions are thus summarized : 

1. The application of brakes, when a " skid- 
ding " of the wheels does not occur, does not 
seem to reduce their rate of rotation. 

2. Skidding occurs immediately when their 
velocity is reduced below that due to the speed 
of the train. 

3. Resistance is reduced by "skidding" the 
wheels. 

4. The pressure required to produce skidding 
is greater than that needed to hold the wheels 
while skidding. 

5. The pressure of the brake-blocks must be 
proportional to the coefficient of friction. 

t " Railroad Gazette." 
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1 8. Friction with Lubrication. — Rennie 
and Mori'n both made experiments upon the 
frictional resistances of lubricated surfaces, and 
some of the results obtained by the latter have 
already been given in the table. They have 
comparatively little value in consequence of the 
adoption of light pressures only. Morin re- 
marked that unguents, under heavy pressures, 
and when the surfaces were at rest, were ex- 
pelled, causing the friction of starting greatly to 
exceed that of rest, and that the comparatively 
great effort required to start machinery was 
thus accounted for. 

19. The Friction of Belts was found by 
Morin to be unaffected by width of belt, by the 
arc embraced, or by the diameter of the pulley — 
in other words, of the area of surfaces in contact. 
He found it proportional to the angle subtended 
by the belt at the surface of the pulley and to the 
logarithm of the ratio of the tensions on the two 
sides : 

log. yn 

f-^ .- 

1.363 

In his experiment, he obtained, for belts in 
good order/— 0.282 when dry and/= 0.377 
when wet. 

The following is a summary of his figures : 
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Value of k in Prony's Formula T—kT^-. 



Proportion of 
Circumfer'ce 


New Belt 

on 
Wooden 
Pulleys. 


Ordinary 

on 
Wood. 


Belts 


on 


Wet Belts 
on Iron. 


Rope on Wooden 
Axles. 


in Contact. 


I roii. 


Rough. 


Smooth. 


0.20 


i'9 


1.8 


1-4 


1.6 


1-9 


IS 


O.4O 


3.5 


33 


2 


.0 


2.6 


3-5 


2-3 


O.60 


6.6 


5-9 


2 


9 


4.2 


6.6 


3-5 


O.80 


12.3 


IO.6 


4 


.1 


6.8 


12.3 


5' 3 


I. OO 


23.1 


I9.2 


5 


8 


10.9 


23-9 


8.0 


I.50 


• ■ • • 


• • • • . 


• • 


1 • 


• • • • 


in. 3 


22.4 


2.00 


• • • • 


• • • • 


• • * 


• 


• • • • 


535 5 


63 2 


2.50 


• • • • 


• • • 


• • t 




• • • • 


257-48 


178.5 



The maximum difference of tension allowable 
becomes : 

D= T—T l —(&—, 1) 7\ 
The minimum tension allowable to prevent 
slip is taken as : 

T+ T> , k + 1 
1 ~ 2 —* k—i 

The maximum stress allowable on the leather 
was stated at about 350 pounds per square inch 
of cross-section. 

In the equations — 

R^-T —l\--r x (1 —e») = T 2 (e» — i), 

2~R ' - 2 (ef*—i)' 

/varies from 0.15 to 0.6, the former value being 
found only where the belt is actually wet with 
oil. 
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In designing, Reuleaux takes / = 0.25 and 
the experiments of Messrs. Towne and Briggs* 
indicate that this value is exceeded, under or- 
dinary working conditions, more than 60 per 
cent. 

The angle ® = 2icn y where ;/ is the number of 
turns or part of turns taken by the belt about 
the pulley. Rankine givesf the following values 
of the coefficient 2.7288/ in the equation 
e /9 = i *i*w* which comes into use in the ap- 
plication of these formulas : 

/=o.i5 0.25 0.42 0.56 
2.7288/= 041 0.68 1. 15 1.53 

and, where ® = n and ;/ =— £, as is usual, 

T x + T i2 = 1.603 2 < l88 375 8 5-S2I 
T x ^-R^= 2.66 1.84 1.36 1.2 1 
T l + T 2 + 2R^ 2.16 1.34 0.86 0.71 

Usually we assume T 2 = R y 7\ «= 2R, T x + T 2 
-r-2R= 1.5 and /becomes 0.22. 

fRankine gives /for a wire rope running on 
cast-iron at 0.15 and on gutta-percha "at 0.25. 

Clark gives:): the following table based on the 
work of Mr. H. R. Towne, and taking the work- 
ing stress on the belt at 66| pounds per inch in 
width for single belts. 



* "Journal of the Franklin Institute," 1868. t " Machinery and Mill work, 
p. 352. t " Manual for Mechanical Engineers," p. 750. 
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Driving Power of Leather Belts. 







Horse-power transmitted 




t 


Arc of 


Stress on the 


per inch 


in width. 


Sum of 

Tension per 

1 Inch. 


Press, on 

Pounds 

per 1 Inch. 


Contact. 


Belt per 
Inch. 


At 1 ft. per 
Secona. 


Per ft. Diam. 






and per Rev. 






9° e 


3233 


00 59 


O.OO308 


IOI.OO 


71 42 


IOO° 


34§0 


O.063 


O OO331 


93-53 


75 47 


IIO° 


37.07 


O.067 


O.OO353 


96.26 


7885 


120° i 


39- 18 


O.071 


O.OO373 


§4.15 


81.53 


'5°° ' 

i8o° 


44.64 


O.081 


O.OO425 


88 69 


85.67 


49.01 


O.089 


O.OO467 


84.32 


84.32 


2IO° 


5252 ! 


O.O95 


O.OO500 


80.81 


78.05 


2400 1 


55-33 | 


O.IOO 


O.OO527 


78.00 


67.59 


270- j 

. 1 


57 5» 


0.105 


O.OO548 


75-75 


53 5 6 



India rubber belting has three times the ad- 
hesion of the leather belt, while it has a 
strength of about 200 pounds per inch of width 
as commonly made. 

20. The Friction of Pump-pistons has been 
determined by d'Aubuisson, and found to be 
directly porportional to the diameter of the 
pump and to the pressure. 

The friction of hydraulic-press plungers has 
been found by Hicks to be very nearly, when 
well designed and in good order, twenty per 
cent, divided by their diameter in inches ; a four- 
inch plunger offering a resistance of five per 
cent., and a twenty-inch press one per cent, of 
the total load. 

21. The Friction of Journals has been 
studied by Rennie and by Morin, and recently 
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by many engineers. The following are the fig- 
ures given by Morin. They are to be compared 
with those to be presently given as derived from 
later experiments, and may be taken as repre- 
senting maximum values for new journals and % 
comparatively small loads. The journals were 
from two to four inches in diameter, and loaded 
with from 330 pounds to 2 tons. 

Friction of Journals in Motion. — Morin. 



Materials. 



Cast-iron on cast-iron. . 



Cast iron on bronze 



Cast iron on lignum- 
vitae 



Wrought-iron on cast- 
iron 

Wrt.-iron on bronze . . . 



Lubricants. 



Coefficient of Friction. 
' Lubrication. 



1 



I Intermittent. ■ Continuous. 



Oil, lard, tallow. . 
" and water. . 

Asphaltc 

Unctuous 

" and wet. . 
Oil, lard, tallow . . 
Unctuous 

" and wet. . 

" (slightly). 
Dry 



0.07 to 0.08 

0.08 

0.054 

0.14 

0.14 

0.07 to 0.08 

0.16 

0.16 



Oil, lard 

Unctuous (oil or lard) . . j 
" (lard and gra 
phite) 



Oil, lard, tallow 

Oil, tallow, lard , 

Unctuous and wet. . . . 

•' (slightly) 

Iron on lignum-vitae. . . Oil, lard, 



i Unctuous... 

Bronze on bronze Olive oil. . . . 

Lard , 

Bronze on cast-iron. . . Oil, tallow. . 
Lignum-vitae on cast j 

iron Lard 

Unctuous 
Lignum-vitae on lig- 
num-vitae 



0.19 
0.18 



• • • • 

0.10 

0.14 

0.07 
0.07 
0.T9 
0.25 

O.II 

0.19 

O.IO 

0.09 



0.03 to 0.054 



0.03 to 0.054 

t 

0.090 



I 



to 0.08 
to 0.08 



0.030 too. 054 
0.030 to 0.054 

1 

t 




0.030 too. 054 



0.07 



* Wear began. t Wood slightly greasy. 



t Wear commenced. 
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These experiments were not only confined to 
comparatively low pressures, but the pressures 
actually used per unit of area of surface are not 
specified. The dynamometer used was that of 
Morin, with which the assumption then made, 
that the flexures of the spring were propor- 
tional to the load, is incorrect ; the flexure 
increases more rapidly than the load. The 
figures given for / are therefore considered 
unreliable.* 

As early as 1831, Nicholas Wood determined 
the coefficient of friction on old well-worn axles, 
under conditions not fully specified, to be about 
0.02. Later German experiments, with pressures 
of 200 to 250 pounds per square inch, gave, at 
230 revolutions, /= 0.00891 to/= 0.013, and it 
was concluded that these values could be re- 
duced. Still later experiments showed an 
increased resistance in higher ratio than increase 
of load, and an increase with increase of veloc- 
ity, while experiments at Hanover lead to the 
conclusions that, under loads of from 320 to 
1,250 pounds on the journal, the coefficient for 
iron axles lubricated with rape-seed oil and 
running in white metal bearings is 0.009 to 
0.0099 ; that with gun-bronze bearings the fig- 
ure becomes 0.014 ; that the value is independ- 
ent of the weight of load within usual limits ; 

^ ■ -■■»■... - ■ — — — .■■■ — ,.-. ■ mm 

• "Carnet de l'Ingenieur." 



i 
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that the area of the journal does not affect the 
resistance ; that resistance is independent ot 
velocity of rubbing ; that grease gives a higher 
figure than oil for light loads, but the same 
under heavy loads.* 

22. The Frictional Resistance of Mill- 
shafting has been determined by the very 
numerous and extended experiments of Mr. Sam- 
uel Webber. The pressures are here not very 
high, and Webber's values for the coefficient ot 
friction average very nearly the same as the 
figures obtained by Morin. They are, for inter- 
mittent lubrication, 0.066, and for continuous 
oiling, 0.044. Morin obtained 0.075 ar *d 0.042. 

Clark obtains formulas for the work of friction 
and the horse-power absorbed by shafting, 
using f=i=* 0.070 and /=- 0.043 f° r one revolution. 

Work= U =-0.01 82 Wd, for ordinary oiling. 
" ==Z7=o. 0112 Wd, " continuous " 
H , P ^ 0.0^2 WdS^_JVd_R_ ior Qrd omn 

33,000 1,800,000 

0.0112 IV dS WdR f .. . r 

— ~-_ for contin. oiling. 

33,000 2,950,000 

in which W— the total load, */=diameter of 
journals, R=revolutions per minute.* 

The coefficient determined by Webber varies 
from 0.033 to 0.055, or from one-thirtieth to 
one-twentieth, with continuous lubrication, and 

• W. R. Browne, " Railroad Gazette," Aug. 16, 1878. f " Manual/' p. 763* 
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from 0.052 to 0.1 14, or from one-twentieth tc 
one-ninth for ordinary lubrication. 

23. Lubricants. — From what has been stated, 
it is seen that the amount of frictional resist- 
ance to the motion of machinery is deter- 
mined by the character of the lubricating mate- 
rial. It thus happens that all recent experiments 
in this field have been made in investigations of 
the value of lubricants, which investigations 
include very much more than a single measure 
of the coefficient of friction ; and the later deter- 
mination of the friction of lubricated surfaces 
at the various pressures and speeds which are 
commonly met with in modern machinery, will 
therefore be given after discussing the nature of 
lubricating materials, and the standard or other 
methods of ascertaining their value. The tables 
to be hereafter given will serve the mechanic, 
the engineer or the designer of machinery as 
data by means of which to estimate the prob- 
able losses of power by friction, under almost 
every set of conditions met with in practice. 

The value of a lubricant, as a lubricant, is 
entirely independent of the market price, except 
so far as the demand of consumers of unguents 
affects the market. Some of those materials 
which would be most useful in reducing friction, 
could they be so applied, are entirely unknown 
%o consumers of lubricating substances, because 
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of their monopoly for other purposes, for which 
they are in such demand as to entirely remove 
them from a market in which other unguents 
can be obtained at such comparatively low price 
as to throw the former quite out of competition 
in the oil market. The best known lubricant 
for general purposes — sperm oil — is far less used 
than the less excellent, but cheaper, lard oil, 
which, in turn, is less generally used than the 
mineral and mixed oils with which the market 
is always largely supplied. 

The effect of friction— rolling as well as sliding 
— is to wear and abrade solids, and, with fluids 
as well as with solids, to generate heat to an 
amount which is the exact equivalent of the 
work of friction, and which, could it be all col- 
lected and measured, would be found to be a 
precise measure of the power wasted and lost in 
consequence of the friction. • The amount of 
heat thus produced is equal to one British 
"thermal unit.'** for each 772 foot-pounds of 
work expended in overcoming friction. This 
figure is that known as Joule's " mechanical 
equivalent of heat." Where the work is mea- 
sured by the metric system, this corresponds 
to the development of one " calorie" f of heat for 

* A British thermal unit is the quantity of heat required to raise the temper* 
ature of a pound of water one degree Fahrenheit. 

t The metric " calorif is the heat required to raise the temperature of a kil- 
ogramme of water one degree Centigrade. 
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each 424 kilogrammeters of work done in over- 
coming frictional resistance. 

This evolution of heat has a serious ill effect 
in several ways : it reduces the viscosity of 
lubricants, thus rendering them more liable to 
exude from between the rubbing surfaces at 
high pressures; it is cumulative, and causes 
danger to become more and more imminent as 
it progresses beyond the limit within which con- 
duction and radiation may dispose of it to sur- 
rounding objects as fast as generated ; it causes 
serious injury to the surfaces in contact, crack- 
ing, distorting and abrading them, and thus in- 
creasing the friction while destroying journals 
and bearings ; it often even ignites the lubricant, 
overheating, softening and weakening the abrad- 
ing metals and endangering all combustible 
material in its neighborhood. The journals of 
machinery are often actually welded into their 
bearings. The burning of mills and of steam- 
vessels and the breakage of car-axles, and conse- 
quent destruction of trains loaded with passen- 
gers, sometimes result from the use of improper 
lubricants or of badly proportioned rubbing 
parts. 

24. Lubrication has for its objects, there- 
fore, both the reduction of friction and the pre- 
vention of excessive development of heat, and 
|he engineer resorts to this expedient ot inter-* 
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posing between the rubbing surfaces a substa 
having the lowest possible coefficient of fric 
and the greatest capacity for preventing 
reducing the development of heat. It is evid 
then, that, in order that any substance may 
efficient as a lubricating material, it must pos 
the following characteristics : 

i. — Enough " body," or combined capilla 
and viscosity, to keep the surfaces between wl 
it is interposed from coming in contact un 
maximum pressure. 

2. — The greatest fluidity consistent with 
preceding requirements, i.e., the least fl 
friction allowable. 

3. — The lowest possible coefficient of fric 
under the conditions of actual use, i. e., the 1 
of the two components, solid and fluid frict 
■* should be a minimum. 

* 4. — A maximum capacity for receiving, tr; 

mitting, storing and carrying away heat. 

5. — Freedom from tendency to decompose 
to change in composition by gumming or otl 
wise, on exposure to the air or while in use. 

6. — Entire absence of acid or other pro] 
ties liable to produce injury of materials or me 
with which they may be brought in contact. 

7. — A high temperature of vaporization 
of decomposition, and a low temperature 
Solidification. 



■ * 
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8. — Special adaptation to the Conditions as to 
speed and pressure of rubbing surfaces, under 
which the unguent is to be used. 

9. — It must be free from grit and from all 
foreign matter. 

25. The Value of a Lubricant to the con- 
sumer, as is seen from what has been just 
stated, depends on its cost in the market, its 
efficiency in reducing friction, its durability 
under wear, its freedom from liability to " gum," 
its freedom from acid and from grit, and its per- 
manence of composition and of pl^sical condi- 
tion when subjected to changes of temperature, 
and also, frequently, its capacity for carrying 
away heat from journals already heated. 

Thus, sperm oil is known by all experienced 
mechanics and by all dealers in oil, to be one ol 
the very best of known lubricants ; but its high 
price precludes its use, except for special pur- 
poses. Some other oils are cheap, but have 
little lubricating power; still others are good 
reducers of friction, but do not wear well, or 
frequently cannot be retained on the journals ; 
others, as linseed and the drying oils, generally, 
although sometimes excellent otherwise, gum 
so seriously that they cannot be used for lubri- 
cation ; while a good deal of the tallow in the 
market and some other lubricants, contain acids 
of decomposition, or acids which have been used 
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in their clarification, which have not beeii 
so completely removed as to prevent injury by 
their action on the metals. Some lubricants 
cannot be used at low temperatures, because 
they are liable to congeal, and others cannot be 
used in steam cylinders or where high tempera- 
ture is liable to be met with, because they de- 
compose or vaporize under such circumstances. 

Every dealer in oils and every consumer of 
lubricants who desires to know with certainty 
whether he has, in any case, precisely that lubri- 
cant and that quality which is nominally given 
him must resort to some method of identifica- 
tion of the material. Every user of such a 
material who desires to know whether it is well 
adapted to a specific purpose, or who wishes to 
find out what are its peculiar characteristics, 
must find some method of testing it, and of thus 
ascertaining whether, under the conditions aris- 
ing in his practice, it will serve his purpose. 
He must know whether it will bear the pres- 
sure, and will run without heating his journal at 
the speed to which he must subject it. 

Many different conditions must, therefore, 
be studied, and the behavior of the lubricant 
determined with reference to each before it can 
be known, with any degree of certainty, what is 
its real valua, for any specified purpose, and it is 
equally evident that the conditions under which 



* 
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the behavior of an oil or other lubricating 
material is to be determined should always be 
those approximating with the greatest possible 
exactness to the conditions proposed in its 
actual use. 

26. Lubricants are sometimes solid, but usual- 
ly liquid, and of the liquid unguents there are 
many varieties in the market which differ in 
their viscosity and cohesiveness as widely as 
they do in nearly every other quality, and range 
from the most liquid and water-like watch-oils 
to those " heavy-bodied " and densest ot all the 
oils — castor oil and rosin oil. We have semi- 
solid lubricants, of which tallow, soap and wax 
are illustrations, and still others are perfectly 
hard and solid, as graphite, soapstone. 

The engineer also uses what are known as "anti- 
friction metals," one of the oldest and best known 
of which is the so-called u Babbit-metal." These 
are permanently fixed in the bearings in the form 
ot linings, and their peculiar use is to present to 
the journal, instead of the hard unyielding and 
resistant surface of the metal itself, a material 
which more readily and perfectly adapts itself 
to the form of the journal which it supports. 

Lead has been introduced by Mr. Hopkins to 
act thus temporarily, gradually, as it wears, let- 
ting the journal down to a good bearing on the 
brass of the boxes. 
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Metaline and some other anti-friction metals 
are used without lubricants, and are, there- 
fore, themselves, as truly lubricants as are 
plumbago and similar solid materials which are 
usually finely ground and interposed between 
rubbing surfaces. 

In some cases vio lubricant will suffice to keep 
a journal from heating and even " cutting ;" in 
such an event the " brasses " are sometimes 
made hollow and a stream of water is made to 
circulate through them, thus effectually keeping 
them cool. 

In the " Palier-glissant" of Girard and the 
" Water-bearings " of Shaw, the journal is sup- 
ported upon a cushion of water which is forced 
into a space in the journal beneath it by a pump, 
and at such a pressure that the journal is per- 
fectly " water-borne " and revolves on the 
liquid cushion. Shaw has applied this plan suc- 
cessfully in supporting vertical shafts. 

The most generally applied fluid lubricants 
are the better known and cheaper kinds of 
animal, fish, vegetable and mineral oils ; of these 
sperm stands admittedly at the head of the list, 
lard, neats-foot, whale, tallow, seal and horse oils 
are all largely used either alone or mixed. The 
vegetable oils in use are olive, which is by far 
most generally used in other countries ; cotton- 
seed oil in the United States, palm, rape-seed, 
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oleine, colza, poppy, peanut, rosin, cocoanut and 
castor oils* are all more or less employed in 
lubrication. Of the fish oils, porpoise, black- 
fish, cod and menhadenf oils are most used. The 
mineral oils are of two general classes : the 
shale oils, obtained from certain shales, and the 
petroleums, which come from extensive oil lakes, 
situated, usually, far beneath the surface of the 
earth, and which are principally supplied by the 
oil wells of Pennsylvania and other of the 
United States. 

Of these oils, sperm is still largely used, not- 
withstanding its high price, since it excels near* 
ly all others in its power of reducing friction 
and immensely excels them in endurance. 
Rape-seed is, in some districts, now displacing 
olive oil as a lubricant, but the mineral oils, 
pure or mixed, are rapidly taking the leading 
place in all markets. Scotland is producing 
25,000,600 gallons of shale oil from 800,000 tons 
of shale, of which oil 10,000,000 gallons are 
illuminating oils and the remaining products 
include 10,000 tons of lubricating oil, 6,000 tons 
of parafine wax, and also 2,500 tons of ammo- 
nium sulphate. The petroleums are found in 
China, India, Italy and other parts of the world ; 



* Linseed oil is a good reducer of friction, but dries and "gums" too rapidly 
to permit its use as a lubricant. 

t The whale is not a fish, but an animal classed among the mammals. 
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the island of Trinidad contains a lake ol petro- 
. leum — " Pitch Lake " — the shores of which are 
composed of bitumen, produced by its evapora- 
tion and oxidation. But the greater part of the 
petroleum of the world is produced in Pennsyl- 
vania, West Virginia and Ohio. Pennsylvania 
alone has produced in a single year — 1874 — over 
10,000,000 barrels, of which one-half was export- 
ed to Europe and used largely for lubrication, 
but far more generally in illumination. 

The greases, or semi-fluid lubricants, are 
sometimes used in their natural state, as tallow, 
lard, wax and other similar substances and 
sometimes are made up artificially, e. g., the 
various kinds of soap. Mixtures of tallow and 
black-lead, white-lead and oil, and other mix- 
tures containing sulphur, are often used. 

For some special purposes, certain mixtures 
are used, as, for cooling hot journals, mixtures 
of oil and of white or black lead, oil and sulphur 
or greases composed of oil to which some alka- 
line water has been added. I have, in my expe- 
rience with very large and troublesome marine 
engines, found sulphur and oil on the joiitnal, 
with the application — very cautiously — of cold 
water externally, to work best. 

For a railroad grease I think a mixture of 
equal parts of tallow and palm oil, with water 
to which i pound of caustic soda to the gallon 



has been added, a good one, mixing them pretty 
warm. Two parts parafine, one of lard and 
three of lime-water is said to be a good grease, 
too, especially for heavy, slow-moving journals. 

A mixture of eight parts of bayberry wax 
with one of graphite is very good, also. 

Grease is usually employed in lubricating 
axle-journals in Great Britain, and is generally 
of palm oil. The following are said to be good 
compositions* for that climate : 

Railroad Axle Grease. 

For Summer. For Winter. 

Tallow 504 lbs. 420 lb*» 

Palm Oil 280 " 280 " 

Sperm Oil 22 " 35 " 

Caustic Soda 120 " 126 " 

Water 1,370 " 1,5-4 " 

On German railroads the following composi- 
tion is used : 

Parts. 

Tallow 24.60 

Palm Oil 9.80 

Rape-seed Oil 1 . 10 

Soda 5.20 

Water 59.30 

100.00 

The following is Austrian : 

Tallow. Olive Oil. Old Grease, 

For Winter 100 20 13 

For Spring and Autumn 100 10 10 

For Summer 100 1 10 

* W. R. Browne. " Railroad Gazette," Aug. 9, 1875. 



The solid lubricants are often found to work 
well when no fluid will answer at all. Some of 
them sustain immense pressures without injury, 
Those in general use are certain metallic com- 
positions, mixtures of metallic with non-metallic 
elements — graphite, sulphur, soapstone, asbestos, 
lampblack, anfl white lead (carbonate of lead). 
In some cases they are permanently and solidly 
fixed, as already stated, and sometimes are ap- 
plied, at intervals, between the rubbing surfaces, 
as are the oils. 

The most widely known of the former class 
is " metaline," a material of a composition which 
is variable, and is determined by the conditions 
to which it is to be subjected. It is made, 
usually, by grinding the various ingredients to 
an impalpable powder, mixing them according 
to certain definite formulae, which are the direct 
result of experiment, and subjecting the mass to 
immense hydraulic pressure in chilled steel 
molds. Erom these last the metaline emerges 
in the form of a short rod or plug, from one- 
eighth to five-sixteenths inch in diameter, in con- 
dition either soft enough to be readily dented 
by the nail, or sufficiently hard to require a 
knife to cut it ; also in all intermediate stages. 
It looks like black-lead, but is more unctious, 
and somewhat lighter in color, To insert it, 
the box or gib, for example, is bored with shal- 
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low holes, these being made with a square-ended 
bit, in order to leave a flat bottom. Their depth 
is about three-sixteenths of an inch. Into these 
the metaline is inserted, the diameter of the 
plugs being sufficient to insure a tight fit, and 
the surface is smoothly reamed off. Such a 
preparation often reduces friction, and prevents 
serious heating or abrasion, while presenting 
the, in some cases, very great advantage of free- 
dom from the objections which are peculiar to, 
and inseparable from, the use of oil or other 
grease.* 

Plumbago is used generally by interposition, 
although sometimes forming an ingredient in 
the composition of anti-friction and " anti-attri- 
tion " compounds of the first class. It should 
always be absolutely pure and free from grit, 
and should be ground to the condition of a flaky 
powder, f At least one engineer expresses a 
decided preference for soapstone powder, in the 
form of dust, as a lubricant for the axles of 
machines. For this purpose it is first reduced 
to a very fine powder, then washed to remove 
all gritty particles, then steeped for a short pe- 
riod in dilute muriatic acid, in which it is stirred 
until all particles of iron which it contains are 
dissolved. The powder is then washed in pure 
water again to remove all traces of acid, after 

* ** Iron Age." t " American Machinist/' Nov., 1877, p. 3. 
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which it is dried, and is the purified steatite 
powder used for lubrication. It is not used 
alone, but is mixed with oils and fats, in the 
proportion of about 35 per cent, of the powder 
added to paraffine, rape or other oil, or the 
powder may be mixed with any of the soapy 
compounds employed in the lubrication of 
heavy machinery.* These materials are now 
much used in making up packing for the " stuff- 
ing-boxes " of steam engines, &c. 

27. Purifying Oils. — Oils which have been 
once used should be carefully cleansed before 
being again applied to bearings. Some bne ad- 
vises the following as a good method of purify- 
ing lubricating oil : A tub holding 63 quarts has 
a tap inserted close to the bottom, and another 
about four inches higher. In this receptacle are 
placed 7 quarts boiling water, 3^ ounces car- 
bonate of soda, 3£ ounces chloride of calcium, 
and 9 ounces common salt. When all these are 
in solution, 45 quarts of the oil to be purified 
are let in and well stirred for five or ten min- 
utes ; the whole is then left for a week in a 
warm place, at the expiration of which time the 
clear, pure oil can be drawn off through the 
upper tap without disturbing the bottom. 

Dr. Dotch communicates to the "Scientific 
American " the following method and propor- 

♦ " N. Y. Sun." . 
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tions for refining crude cotton-seed oil : ioo gal- 
lons of the crude x)il are placed in a tank, and 3 
gallons of caustic potash lye, of 45 Baume, are 
gradually added and well stirred for several 
hours ; or the same quantity of oil is treated 
with about 6 gallons of soda lye, of 25 or 30 
Baume, and heated for an hour or more to 
about 200 or 240 Fah. under constant stir- 
ring, and left to settle. The clear yellow oil is 
then separated from the brown soap stock, and 
this dark soap sediment is placed in bags, 
where the remainder of the oil will drain off; 
and the sediment has a marketable value of 3 or 
4 cents a pound to soap-makers. The potash 
lye has to be made in iron pots, but the oil and 
lye may be mixed in wooden tanks. 

28. The Pressure which can be permitted 
upon rubbing surfaces is determined by the 
velocity of rubbing, the character of the lubri- 
cant, and the nature of the surfaces themselves. 
The two surfaces should usually differ — the one 
being hard enough to bear the maximum pres- 
sure without change of form, and the other be- 
ing less hard, in order that it may not abrade 
the first. With such an arrangement, the sur- 
faces, if properly cared for, take a fine, smooth, 
mirror-like polish and give a minimum frictional 
resistance. Cast-iron surfaces are usually less 
satisfactory than good wrought-iron, and homo- 
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geneous and moderately soft steel is vastly bet- 
ter still. A pressure of 800 pounds to the 
square inch can rarely be attained on wrought- 
iron at even low speeds, while 1,200 pounds is 
not .infrequently adopted on the steel crank-pins 
of steamboat engines. I have known of seven 
to nine thousand pounds pressure per inch be- 
ing reached on the slow-working and rarely 
moved pivots of swing bridges. In my own 
practice I never, if I can avoid it, use higher 
pressures than 600 and 1,000 on iron and on 
steel, and, for general practice, make the pres- 
sure less as the speed is greater, since the 
amount of heat developed is directly a measure 
of the amount of work done in overcoming fric- 
tion, and is proportional to the speed as well as 
to the pressure. 

29. Size of Journals. — By a comparison of 
the behavior of the journals of the engines of ' 
naval steamers in 1862 I determined the follow- 
ing formula for the size of journals for such en- 
gines and for stationary steam-engines : 

6o,ooodf. 
in which /is the length of the journal in inches, 
jPthe load in pounds, and Fthe velocity of rub- 
bing in feet per minute ; d is the diameter in 
inches. Rankine published, in 1865, the follow- 
ing as applicable to locomotive practice ; 
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/ PJV+2Q) ^ 

44,800*/. 

These are intended for iron journals ; those of 
steel may sometimes work well if of one-half 
the length given by the formulas. 

The length being known, the pressure per 
square inch admissible is: 

p _ Gaooo (Thurston) 

r 

p^f^OO ( Rankinc N 

V+2Q 

Where journals are exposed to dust, as in 
locomotives, it is advisable to make them of 
greater length than where they are fully pro- 
tected. This difference is observed in the two 
formulas just given. The best makers of mill- 
shafting make the journals about four diameters 
long. 

30. Oiling Journals. — It is evident that the 
method of supplying the lubricant has an im. 
portant influence on the economy of its use, A 
perfectly uniform supply of the minimum safe 
quantity enables an economy to be attained 
which is surprising to one who has not measured 
the quantity of oil used. Some years ago a dis- 
tinguished firm of tool builders told me that the 
hangers ot their line shafting were working per- 
fectly with but 34 drops of oil each per week. 
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I have often. used a wire bent into syphon 
shape and loosely wound with lamp wick in the 
old fashioned oil cups. A little experimenting 
determines just how many strands of wick 
should be used and just how low the oil can be 
permitted to run down in the cup. and the min- 
imum expenditure is thus reached. 
. The later cups of Dreyfus and others are, if 
properly fitted, similarly economical. My sy- 
phons were always removed when the engine 
was stopped for any length of time, to prevent 
expenditure of oil when it was not needed. 
Another good arrangement for very large and 
important journals is an oil-pump taking oil from 
a reservoir into which it returns from the 
journal. Self-oiling boxes are still another and 
a more familiar device. 

From what has already been said, it is seen 
that what is a good lubricant for one purpose is 
not necessarily good for another. Water is 
valuable on the lignum-vitae sheath in the stern- 
bearing of the screw-shaft of a steamer, or on 
the wooden step of a turbine water-wheel, and 
answers an excellent purpose in the " palier* 
glissant ;" and it is the best substance known to 
absorb and convey away heat ; but it is not a 
true unguent, and could not be used as such on 
ordinary journals. 
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Plumbago, tallow and castor oil have the 
" body " needed for extremely high pressures; 
and sperm oil is the best known lubricant for 
general purposes; hut only an oil having the 
purity and limpidity of watch oil will answer 
for watch work. The heavy oil would produce 
too great resistance by its viscosity to be suit- 
able for light work, and the watch oil would be 
unable to sustain the pressure in heavy work. 

With oils of little " body," the greatest care 
should be taken to secure perfect regularity 
of supply and to feed the least amount con- 
sistent with safety. Heavier oils should be 
fed more rapidly, and tallow and the greases 
are usually supplied as fast as the journal will 
take them. 

31. The Modern Methods of Testing Oils 
are directed to the determination of a number of 
independent facts. These objects are ; 

1. — Their identification and the detection of 
adulteration. 

2. — The measurement of density. 

3. — The determination ot their viscosity. 

4. — The detection of tendency to gum. 

5. — The determination of temperatures of 
decomposition, vaporization and ignition. 

6. — The detection of acidity. 

7. — The measurement of the coefficient of 
friction. 
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8. — The determination of their endurance, 
and their power of keeping the surfaces cool. 

32. Identification. — It is some time suf- 
ficient for the user of an oil to identify it and to 
be able to detect adulterations. Sperm and lard 
oils, for example, are standard lubricants ; and if 
the consumer or dealer can assure himself that 
the oil which he has in hand is pure sperm or 
pure lard, that is often enough, since long expe- 
rience may have taught him that this oil, and no 
other, is likely to fully answer his purpose. 
Cases do sometimes occur in which the pur- 
chaser of an oil does not care to try if other less 
well known oils may not meet his wants quite 
as well and at lower cost. 

The tests for identification are chemical and 
physical. The chemist can sometimes, by ap- 
plying "re-agents," which have peculiar effect 
on an oil, determine whether that oil is sperm, 
or lard, or other, and detect adulterations. This 
is, in some cases, quite easy to do and tolerably 
certain, since there are usually very few oils of 
which the cost would be low enough to permit 
their use as adulterants. For example, the 
chemist would look for cotton-seed oil, perhaps, 
in his tests of so-called pure lard oil, since that, 
in the present condition of the market, is about 
as likely to be used as an adulterant of lard as 
any other oil. This kind of test would rarely 
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be used, except by an expert chemist, and it is 
enough to describe a few of the best kuown.* 

33. Chemical Methods.— Professors Crace- 
Calvert, Cailletet, Chateau, Waltz, and many 
other chemists have systematically studied the 
reactions of oils with various chemicals with a 
view to their identification and the detection of 
adulteration. 

MM. Chevreul and Braconnot ( 1 8 1 3) were 
probably the first to determine with satisfactory 
accuracy the composition of fatty substances. 
They found them to be thus composed : 

Animal. Vegetable. 

Mazarine. Oleine. Mazarine. Oleine. 

Mutton tallow 80 20 Colza oil 46 54 

Beef tallow . . 80 30 Olive oil 28 72 

Lard 38 62 Almond oil... 24 76 

Chevreul and T. de Saussure determined the 
elementary composition of several of these bodies 
thus; 

Carbon. Hydrogen. Oxyger.. 

Sheep's fat 79.0 11. 7 9.3 

Lard 79.0 11.1 9.8 

Human fat 79.0 1 1 .4 9.6 

Nut oil , 77.9 10.5 9.1 

Almond oil 77.4 11.5 10.8 

Linseed oil 76.0 11.3 12.6 

Olive oil 77.2 13.3 9.4 

34. Classification.— These fatty unguents 
are divided into five classes : 

■ 

• See the treatise of Theodore Chateau : '* Guide Pratique d« la Counais- 
•aace et de I'Exploitatioa des Corps Gras Industrielles." Paris. 1864. 
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1. Oil, which is liquid at ordinary tempera- 
tures . 

2. Butter, or thicker oil. 

3. Tallow, 

4. Grease. 

5. Wax. 

All have great commercial and industrial 
value ; but the oils are far the most commonly 
useful. 

35. Adulteration of Oils. — The composi- 
tion and character of these substances may be 
changed in several ways. They may absorb 
oxygen from the air and become rancid ; they 
may dry away leaving a kind of varnish — like 
olive oil — or they may simply thicken, or gum, 
and lose their fluidity as well as their property 
of burning, as in their natural state,, without 
smoke. These changes are prevented by the 
exclusion of the air. 

They may also take up metals, when inclosed 
in metallic vessels, and thus become modified 111 
character. 

Dr. Stevenson Macadam states that in the 
course of a lengthened series of experimental 
observations on various paraffine oils his atten- 
tion was directed to a certain oil which burned 
somewhat imperfectly in different lamps, it 
was feared that this oil was contaminated largely 
with lead compounds, which choked up the 
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wick and ultimately diminished its capillary 
attraction so much that the light was extin- 
guished. In a single night the wick of the 
lamp had to be changed several times, and the 
wicks when charred left a fine net- work of lead. 
The oil had been stored in a tank lined with 
lead, and dissolved so much of the lead that its 
value as a luminant was destroyed. The action 
of the oil on tin, copper and iron was so slight 
that its luminant properties were not much 
diminished. Zinc, however, was much affected, 
and the oil was consequently rendered nearly as 
useless for illuminating purposes by it as by 
lead. Dr. Macadam therefore suggests that, 
while the vessels for the retention of paraffine 
oil may be safely constructed of or be lined with 
tin, copper or iron, it would be preferable to use 
cisterns lined with enamel for storing the oil. 
William Watson, in a paper recently read before 
the British Association, describes the results of 
his experiments on the above subject. He 
finds that of all the oils examined, paraffine and 
castor oil have the least action on copper, and 
linseed and olive oil the greatest ; sperm and 
seal oil have but a very slight action. 

36. Detection of Copper and Lead. — To 
detect the presence of copper, mix a small por- 
tion of the oil with twice its weight of nitric 
acid in a test-tube and shake well, then, separ- 
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ating the acid from the oil, add ammonia to the 
former ; if copper is present the reaction will 
give a blue color by tho formation of an ammo- 
niacal solution of that metal. 

To detect lead, add to a portion of the oil, 
contained in a test-tube, a small quantity of 
sulphuric acid, of carbonate of soda, or of 
caustic soda ; if lead is present, the solution will 
become white and will yield a precipitate of 
similar color; to insure certainty, add to the 
solution caustic soda until the acid, if used, is 
neutralized, or of acid, if soda has been used; a 
few drops of sulphur solution, the presence of 
lead will be indicated by a dark brown precipi- 
tate ; with bichromate of potassium or the 
iodide of potassium, a yellow precipitate is 
found. 

To test lubricating oil for acid, dissolve a 
crystalized piece of carbonate of soda about as 
large as a walnut in an equal bulk of water, and 
place the solution in a flask with some of the 
oil. If, on settling after thorough agitation, a 
large quantity of precipitate forms, the oil 
should be rejected as impure. 

37. Mixtures. — Good oils are adulterated by 
the addition of cheaper oils. These adultera- 
tions are detected by changes of density, or of 
freezing point, by differences produced in tem- 
perature on the addition of concentrated sul- 
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phuric acid, and by the reaction produced by 
the addition to the oil of various chemical re- 
agents, and, finally, by the sense of touch, taste 
and smell. 

The latter method presupposes great familiar- 
ity with and experience in the use of oils, and 
can be practiced with satisfactory results, usual- 
ly, only by experts. Some oils are, however, are 
so characteristic in taste and odor that a novice 
may readily recognize them. It is always best 
to compare the suspected oil with a sample of 
known purity. The characteristic odor of an 
oil can be brought out more strongly by warm- 
ing it. The taste, odor and feeling of the oil 
are sometimes considerably modified by the 
locality whence it is obtained, by the season 
during which it is prepared, and by the method 
of manufacture. 

38. Oleometry. — The first of the physical tests, 
which tests precede chemical analysis, is the de- 
termination of density. This is, perhaps, the sim- 
plest and easiest method of identifying a standard 
oil, although by no means a certain one. This may 
be done by carefully weighing an exactly meas- 
ured volume of the lubricant and comparing its 
weight with the standard volume of a standard 
substance, or by the use of the " densimeter," or 
oleometer. This little instrument, generally 
known as the hydrometer, takes its name fronn 
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the application for which it has been designed, 
as, for example, lactometer when used to deter- 
mine the density of milk, and alcoholometer 
when used to measure that of alcohol. 
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Fig. i . Fig. 2. 

It is a glass cylinder (fig. i) about i or -J inch 
in diameter and 4 or 5 inches long, having 
at one end a bulb loaded with shot, and at the 
other a small cylindrical stem suitably gradu- 
ated. 



6 7 

Placing this instrument in a liquid, it floats 
upright, with the loaded end downward, and 
sinks to such a depth that the figure on the 
stem reads the density or the specific gravity 
(the terms are not precisely synonymous) of the 
liquid. 

In using this instrument the liquid must 
usually have the standard temperature, say 60 
degrees, as its density is considerably affected 
by heat or cold. Another form of hydrometer 
is that shown in fig. 2, which has a thermometer 
attached to the lower .end. This is intended to 
assist in making corrections for a temperature 
above or below 60 degrees. When the ther- 
mometer indicates a temperature above 60, 
which is shown by the figure on the right 
side, the corresponding number opposite must 
be added to the indications on the scale above. 
If the thermometer stands below 60 degrees, 
the corresponding number opposite must be 
deducted. 

The specific gravity of any substance is pro- 
portional to its density, and is the ratio of the 
weight of a given volume of the substance to 
that of an equal volume of water, both being 
taken at the temperature of maximum density of 
the latter. The density may also be measured 
by any other standard. These oleometers ar$ 
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often — in fact, usually — graduated by the system 

of. Beaume, in which , -1 , = specific 

130+ Beaume r 

gravity, and — 130=-= B°, the reading of 

sp« S r * 

Beaume. 

Now, determining the gravity of an oil, sperm, 
for example, and finding it to be 0.8750, or 
30 Beaume, it would beat once concluded to be 
impure; because sperm should give about 
0,88 10 or 0.8815, corresponding to 29 B. 

There are many forms of the oleometer, nearly 
all, however, having the same general charac- 
ter. 

39. Specific Gravity of Oil. — The more 
accurate method of determining specific gravity 
by weighing on the chemist's balance has been 
frequently adopted. 

A standard temperature is usually adopted 
and all results reduced to standard by first 
determining the coefficient of expansion, which, 
for pure olive oil, has been determined by Mr. 
C. M. Still well to be 0.00063 for i° Centigrade 
or 0.00035 per degree Fahrenheit. 

Oils often differ considerably in density, 
although nominally the same. 

The following are Still well's determinations; 
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40. -Table of Specific Gravity of Oils.— StillwelL. 

CO&F. OF EXP. = .00063 FOR 1° C. 

tm .OOO35 FOR 1° F. - 

I5*C. 
59°F- 



Sperm, bleached, winter 8813 

" natural, winter . 8815 

Elaine .9011 

Red, saponified . 9016 

Palm .9046 

Tallow 9137 

Neatsfobt 9142 

Rape-seed, white, winter -9144 

Olive, light greenish yellow »9I44 

Olive, dark green -9145 

Peanut 9154 

Olive, virgin, very light yellow •9 I "3 

Rapeseed, dark yellow 9168 

Olive, virgin, dark clear yellow '9 X 69 

Lard, winter 9175 

Sea elephant -9'99 

fanners' (cod) 9205 

Cotton-seed, raw 9224 

Cotton seed, refined, yellow .9230 

Salad (cotton-seed) 9231 

Labrador (cod) 9237 

Poppy 9 2 45 

Seal, natural 9246 

Cocoanut .9250 

Whale, natural, winter 9254 

Whale, bleached, winter . 9258 

Cod-liver, pure 9270 

Seal, racked 9286 

Cottonseed, white, winter .9288 

Straits (cod) .9290 

Menhaden, dark .9292 

Linseed, raw -9 2 99 

Bank (cod) 9320 

Menhaden, light «93 2 5 

Porgy 9332 

Linseed, boiled 941 1 

Castor, pure cold-pressed 9667 

Rosin, third run 9887 



41. The mineral oils are usually lighter thart 
those of animal or vegetable origin. Crud^ 
Pennsylvania petroleum has a composition* : 

Carbon 84 

Hydrogen 14 

Oxygen 2 

100 

The average density is about 45 ° B. and is 
composed of a considerable number of compounds 
which vaporize at temperatures varying from 
32 to 700 Fahrenheit (o° to 370 Centigrade). 

The following are the densities of these oils : 

Mineral Oils, 6o° F, 15° C. 

S. Q. B. 

Rhigoline 6220 95 

Benzine 6510 85 

Naptha , 7000 70 

" 75«> 57 

Illuminating oil 8000 45 

Lubricating oil (heaviest) 8860 26 

Paraffine wax 8900 27 

42. The following table gives degrees of 
Beaume and the corresponding specific gravi- 
ties in parallel columns, together with the 
weight of one gallon at each density* : 

* The Eames System of Furnace-working of Petroleum ; by Prof. H. 
Wurtz ; " Tians. Amer. Inst. Mining Engineers," 1875 ; •■ Eng. & Mining Jour- 
nal," Aug.. 1875 ; " Iron Age," Aug., 1875 ; " Am. Chem.," Sept., 1875 ; Lon- 
don " Iron," Sept., 1875. 

t For most Valuable tables in addition to those here given, see Prof. S. A. Lat- 
more's Computation Tables, Rochester, 187a. 
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43. Rousseau has shown that the oils, with 
the exception of olive oil, which has nearly yfor 
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the conductivity of other oils, are good con- 
ductors of electricity, and has devised an instru- 
ment to detect adulterations of that oil which is 
called the diagometer. The test is made by 
measuring their conductivity. The instruments 
used are simply a galvanometer and a small 
voltaic battery, the current of which is passed 
through a small drop of the oil to be tested and 
its intensity is then measured by the galvan- 
ometer. A comparison with known oils gives 
the evidence sought. 

44. The Effect of Heat upon oils furnishes 
another means of determining their character 
and of detecting falsifications. 

The temperature of distillation of petroleum 
products varies from 8o° to 250° F. (27 to 120 
C), for the napthas, 250° to 600 F. (120 to 
3 1 5° C.) for illuminating oils, or to 6oo° 8oo° F. 
(3 1 5 to 425 C.) for the heavy lubricating oils. 
The very best oils of the latter class have no 
bad odor, and only vaporize at 6oo° F. (31 5° C.) 
or higher. Their density is about 27 or 28 B. 
(0.890 Sp. Gr.) They are rarely used unmixed 
with lighter oils. 

45. Fire test. The temperature of decom- 
position of the mineral oils is a good gauge of 
their values. An oil should not generally be 
used which takes fire at so low a temperature 
as 250 F. Some of the best oils do not burn, 
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or even give off much vapor at a temperature of 
300 or more. This " fire lest" is usually made 
with a little piece of apparatus made especially 
for the purpose. This is shown in fig. 3. It 




P"E- 3- Fig- 4- 



consists of a little tank, in which the oil to be 
tested is poured. This is placed in another 
Large cup, B, and the space between is filled 
with water for ordinary tests. A lamp beneath 
supplies the heat, and a thermometer, T, set in 
the cup, with its bulb in the oil, shows the tem- 
perature. 

As the oil becomes heated, the observer occa- 
sionally applies a lighted match or taper to the 
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opening, C, of the cup. "After a time a flash is seen 
when the match is applied, and the flame disap- 
pears as suddenly as it has appeared. This shows 
that vapor has been produced in sufficient quan- 
tity to mix with the air above the oil, and pro- 
duce an explosive mixture. The temperature 
now observed is called the " flashing point." 
At some higher temperature, if the cap is moved 
to one side, as shown in figure 4, and a match is 
applied, the oil takes fire and burns. This is the 
so-called " burning point." It may be 20 de- 
grees or more above the flashing point. 

This is the Tagliabue apparatus. 

Mr. Millspaugh, of Kent, Conn., has recently 
introduced a somewhat similar apparatus, which 
is represented in the accompanying illustration. 
It consists of a sheet metal chamber which 
receives a lamp below, and a glass vessel, A, 
above. The latter is formed with a contracted 
lower portion, so that the wider part above 
makes a shoulder, enabling the glass to be firmly 
set in the orifice over the lamp. The vessel is 
surmounted bv a suitable cover, in which there 
is a filling aperture, B, and another opening, at 
which the test is made. To the cover is also 
attached a small thermometer, as shown.* 

The rate of heating should be about 20 F in 
a quarter of an hour 

* Scientific American/' March 18th, 1876. 
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&s represented in the engraving, until a flash 
takes place, when it remains only to note the 
temperature of the oil as indicated by the ther- 
mometer. The tapers are shown in the small 
box beside the apparatus, and are supplied with 
the latter. 

When it is desired to determine the degree of 
heat at which the fluid actually takes fire and 
burns — the fire test — the appartaus may be used 
by removing the cover (leaving the thermom- 
eter in the fluid) and touching the surface of the 
oil with the taper. 

Sufficient oil is held in the glass vessel for a 
satisfactory trial ; and the process of heating is 
slow and gradual, approximating closely to the 
manner in which the oil is heated when it is 
used for domestic purposes. Illuminating oils 
are usually required to have a flashing point 
above no° F. (43 C), and lubricating oik should 
always flash above 250 F. (120 C), and take 
fire at a considerable higher point. Satisfactory 
figures for the two classes of oils would be at 
least one-half higher, or, better still, twice as high. 

The Bailey fire test apparatus is seen in the 
next sketch. The oil is heated in a small cop- 
per tank through which rises the flue within 
which is the flame of the lamp or gas-burner. 

This vessel is filled only about three-fourths 
full of oil. The vapor formed rises at the centre, 
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passing the bulb of a thermometer set at the top 
of the central vapor-flue, and issues laterally and 
is ignited at the jet. 




1 2 3 4 jf 

1 ' ' ' '■' »f ■ f if i f ,f 
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Fig. 6. 

The animal and vegetable oils do not vapor- 
ize, but decompose at high temperature. 

The following are results obtained with the 
first of the three kinds of apparatus described t 
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Oils. 



Temperatures— Fahr. and Cbnt. 



West Va. Oil. 
Winter Sperm 
Lard , 



Flash. 


Take 


Fire. 


F. 


C. 


F. 


C. 


245° 


n8° 


290 


»43° 


4*5° 


219 


485° 


252° 

1 


475° 


246o 


5*5° 


374° i 

1 



Burn. 



P. 


c. 


300 


»49* 


500 


a6o« 


535° 


*74° 



The flashing and the burning points of the 
temperature of decomposition can thus be found, 
and liability to injury by heat determined, or 
safety in the presence of fire ; and a determina- 
tion of temperature cf thickening or congelation 
will show whether it may be used for out-of- 
door applications in cold climates. The stand- 
ard animal and vegetable oils and all mineral 
oils of good "body" and density only decom- 
pose or vaporize at a temperature exceeding 
that of the steam in ordinary steam engines, and 
the latter sometimes, and the former two usually , 
bear even steam at locomotive pressure. The 
good mineral oils do not congeal at any ordina- 
rily low temperatures, the heavier oils freezing 
at 20 F. and the lighter remaining liquid at o°. 
Summer sperm thickens at about 65 F., freez- 
ing at about 50 , winter sperm at about 50 
and 35 ; and lard oil begins to harden at 40% 
solidifying at 25° F, 
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To determine tne behavior of an oil at low 
temperatures, place 15 parts Glauber's salts in a 
glass vessel ; insert a small bottle of the oil to 
be tested ; add, above the salts, a mixture of 5 
parts hydrochloric (muriatic) acid with an equal 
quantity of water, and watch the oil during the 
process of cooling which then commences, stir- 
ring the oil with a thermometer, which will in- 
dicate its temperature. Ice and water, or a 
mixture of ice and salt, will also be found useful 
cooling agents. 

46. Tests with Acid. — The addition of con- 
centrated sulphuric acid to oils was found by 
Maumene and by Fehling to produce consider- 
able heat, and they were able to distinguish them 
by measuring the resulting increase of temper- 
ature. The drying oils heat most and disengage 
sulphurous acid. The following are given by 
Chateau as their determinations : 

Oils. ^-Increase oe Temperature — 1 

Maumene. Fehling. 

Olive Oil 42 37.7* 

Poppy " 74.5° 377* 

Colza " 58 37.7' 

Almond «« 53*5° 4Q-3' 

Rapeseed « 57° 55* 

Linseed " 133 74* 

Sesamt " 68° 74' 

Castor " 47 74= 

Cod-liver" 103 74 



r° 
»® 

r° 

1° 
.0 

■ o 
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Maumene added 10 c. c. of acid to 50 grs. of 
each oil. Fehling used but 1 5 grs. of oil. The 
acid had a density of 66° B. The results are 
thus not precisely comparable ; but it seems evi- 
dent that this method is either not at all accurate 
or was not well practiced by one or the other of 
these investigators. 

Coleman describes* similar tests in which he 
added sulphuric acid to rape and to olive oil, and 
observed a rise of ioo° and 68° F. respectively. 
The same experimenter saturated cotton waste 
with oil and raised its temperature to 150 or 
200 in an air-bath, noting the time required to 
produce spontaneous ignition and combustion. 
Boiled linseed oil took fire in ij hours; raw oil 
in 4 hours, while refined rape-seed oil required 
9 hours of exposure. The addition of 20 per 
cent, mineral oil greatly retarded, and 50 per 
cent, entirely prevented, ignition. 

47. Impurities of Mineral Oils. — The ad- 
mixture of a mineral oil with any other oil can 
be often readily detected by shaking the sus- 
pected oil in a bottle until bubbles of air are 
formed, when, holding the bottle up to the light, 
the mineral oil, if present, will produce a pecu- 
liar iridescence, which is an unmistakable evi- 
dence of the adulteration. The presence of 

" still-bottom " impurities is also a proof of the 

— - — — — . > * 

* " Trans. PhU. Soc. of Glasgow," 1873. 
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mixture of mineral oil. These consist or fine 
solid particles of the coating formed on the bot- 
toms of the apparatus in which the fractional 
distillation of mineral oils takes place. They 
may be detected, sometimes, by the abnormally 
low temperature at which the oil vaporizes in 
contact with them, or by dropping the suspected 
oil on white blotting paper, which will absorb 
the oil, leaving the black specks of impurity vis- 
ible. 

48. Oleography.— Still another, and a very 
beautiful, although rarely practiced, method of 
identifying oils of various kinds, is that intro- 
duced many years ago by Professor Tomlinson, 
who first applied it to the exhibition of the char- 
acteristic differences between the essential oils, 
and termed the peculiar and beautiful forms 
produced " cohesion figures." 

It was again brought forward by Dr. Moffat* 
and by him applied to the identification of the 
commercial oils and the detection of adultera- 
tion. The process, as perfected by Dr. Moffat, 
is now familiar under the name of " oleograph 
tests/' We proceed thus : Wash out a large 
basin very carefully with water and alkali until 
it is chemically free from foreign matter, and fill 
with perfectly clean water. When the surface 
has become quiet, drop upon it a single drop ot 

* '• Chemical News," vol. XV1H p. 299. 
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the oil to be examined. The oil at once spreads 
rapidly over the surface of the water in an ex- 
ceedingly thin film. Presently the film com- 
mences breaking up, small openings appearing 
through it, which gradually enlarge and group 
themselves into peculiar lace-like patterns. 
These lace patterns continue changing, and 
finally the surface of the water is covered with 
detached and very minute particles of oil. Each 
oil, under the same set of standard conditions, 
exhibits a peculiar behavior that is always char- 
acteristic of the oil and which can therefore be 
made of use in identifying it. Each oil spreads 
at a certain rate, and each, at a given instant 
during the process of change, forms a peculiar 
and characteristic lace. A comparison of the 
pattern produced in testing the several oils and 
of the times of observation enables the experi- 
menter to judge, by comparison with his stand- 
ards, whether the oils tested in this way are pure 
or adulterated. 

In doing this work it is important to be able 

to secure copies of the patterns thus obtained. 

^ is done by a very simple and neat process : 

'e another basin containing water rather 

r colored with ink, and a quantity ot 

lotting-paper cut into pieces of such size 

ape that they can be laid upon the surface 

e water in the testing basin. 
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The observer stands, watch in hand, noting 
the changes progressing in the film of oil. At 
the proper moment — a half-minute, a minute or 
two minutes, whichever may have been found a 
proper standard time, measured from the falling 
of the drop — he carefully and quickly lays a 
piece of his blotting-paper down on the film ; 
then as quickly and carefully transfers it to the 
surface of the ink solution, At the first contact 
every point in the surface transfers to the pages 
a particle of water or a particle of oil, and the 
lace-pattern is now present on the paper in oil 
and water. On placing the blotting paper 
on the colored water, all parts of the surface 
unprotected by oil are stained, while the rest 
remains uncolored, and the beautiful lace-pattern 
appears in black and white in permanent and 
preservable form. The sheet is next marked 
with the name of the oil, the date of the test and 
the time allowed for the formation of the pattern. 
It still remains to be determined by further ex- 
periment how far the method may be made 
practically valuable and reliable. 

The special precautions to be observed in 
practicing this method of test are to secure an 
absolutely perfect cleanliness of the vessels used, 
and to note with care that oleographic figure 
which is most thoroughly characteristic of the 
oil under test ; this is found to occur at one in- 
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stant during the uninterrupted process of change 
of each film of oil, and the patterns which precede 
and which succeed it are comparatively value- 
less. 

The vessels should be cleaned perfectly with 
a solution of caustic potash or soda alter each 
experiment. The oil should be let fall in a single 
drop upon the exact centre of the surface of 
water from a glass rod, and in such a manner 
that no disturbance is produced. These rods, 
when not in use, should be kept in a solution of 
caustic potash, and, when used, should be drawn 
through clear water and wiped upon a clean 
cloth before dipping them in the oil. 

Occasionally, when the vessels have been 
some time in use, it will be necessary to wash 
them and the rods in strong sulphuric acid ;* 
they should then be thoroughly rinsed. 

The symmetry of the figures produced, as 
well as their characteristic forms, is injured or 
destroyed by adulteration, and sometimes by 
physical changes occurring under exposure to 
air, and with age. Solid carbolic and camphor 
treated in this manner yield curiously active 
spots and figures. 

The time at which the distinctive figure is 
formed is an absolutely essential element, as al- 
ready stated, and it is therefore always advisable 

* " Chemical News," vol. XIV., p. 46. 
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to first prepare a set of standards by obtaining 
oils of known purity and taking off oleographs, 
at intervals of ten seconds or of one minute, ac- 
cording to the rapidity pi change, and this series 
should be preserved for comparison with the re- 
sults of test of suspected oils. 

Dr. Moffat thus made up an Oleograph Album 
of standards. In the series for each oil, the 
most thoroughly characteristic figure should be 
given some distinguishing mark, or otherwise 
identified. The oleographs may be given any 
desired color by using, instead of ink, a solution 
of the color desired. They may be readily 
photographed, or they may be transferred to 
stone. 

49. Gumming and Drying. — Still another 
special physical test determines the degree to 
which the oil is liable to injury by gumming. 
The usual method is that of Nasmyth, who uses 
this very simple mode of determining the viscos- 
ity and the rate of " gumming " of oils. He 
places a drop at the top of an inclined plane, 
and notes the time required for it to run down 
the plane. Of oils which do not gum, the least 
viscous reach the bottom first. Drying and 
gumming oils are retarded in proportion to the 
rate of drying or of gumming. He uses a plate 
of iron, 4 inches wide by 6 feet long, on the up- 
per surface of which six equal-sized grooves are 
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* " Chemical News," vol. XIV., p. 46. 
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A modified apparatus is described by Mr. 
W. H. Bailey, and is illustrated in this sketch. 
It consists of a piece of plate-glass set with con- 
siderable inclination, and heated, by means of a 
vessel of boiling water, to about 200 F. (93 C), 
and held at a uniform temperature, as indicated 
by the thermometer attached. A drop of oil 
placed at the top will flow down a few inches, 
as in Napier's test, and, if permitted to remain 
upon the glass some days, will give evidence of 
any tendency to gum. A scale on the side of 
the box affords a convenient means of measur- 
ing the track of the flowing drop. Watch 
oil is tested in Switzerland somewhat similarly. 
If the oil is found to become decidedly resinous 
after two or three days exposure to heat, it is 
condemned. 

A very simple and commonly used test of the 
fluidity of the oil consists in dipping into it a 
piece of blotting paper, and then watching the 
falling drops as it is held above the surface of 
the oil. Should the oil fall in distinct, symmet- 
rical, pearl-like drops, it is an evidence of fluid- 
ity; a tendency to spread is the indication of 
viscidity. Retaining the oil on the paper, at a 
temperature of 200 F., for some hours, or at 
ordinary temperature for some days, will enable 
the observer to judge of the rate of gumming 
also. 
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Still another method is that in which the oils, 
at a standard temperature, are allowed to flow 
from a vessel, kept filled to a uniform depths 
through an orifice of standard size. The 
amount discharged will be the greater the more 
fluid the oil ; or the vessel may be of any con^ 
venient capacity, or may have any standard 
volume of oil put into it, and the time required 
to empty it may be observed. Coleman thus 
found that while sperm flowed through a funnel 
in 5 minutes, a mineral oil required but 3 min- 
utes, and lard took 7 minutes ; a mixture of min- 
eral oil and lard, in equal parts, ran through at 
the same rate as sperm ; rape required 8 min- 
utes, seal oil 6 1 and neatsfoot 8£ minutes. 

50. Chemical Methods of Test have been 
proposed in great variety. In general, the 
chemist first compares the density of the oil to 
be examined with that of the standard pure oil 
of the same denomination as given in the printed 
tables. 

Animal and vegetable oils are distinguished 
by the fact that chlorine turns animal oils brown 
and vegetable oils white.* Some special tests 
are quite reliable for certain adulterations, and 
chemists have devoted much time to their dis- 
covery and to perfecting methods. One of the 
best treatises on this subject is that of Chateau, 

• " M?nitcur des Produits Chemique," 1875. 
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already referred to, and from it I have trans- 
lated some of the most important paragraphs, 
and have made abstracts of others. I will pre- 
sent them at some length. 
51. General Method of Analysis of Oils.* 

When, without any previous knowledge of the 
nature of any substance, it is proposed to dis- 
cover all its constituent parts and to furnish a 
proof that, besides the elements exhibited by 
analysis, it does not contain others, it is neces- 
sary to proceed with a method, and to follow 
strictly a systematic plan. 

Methods of analysis may be numerous and of 
various kinds, but they are founded upon the 
same principles and all present the same character. 

In fact, in all methods of analysis, certain 
reactions are made use of, which enable us to 
divide all bodies, or all those under considera- 
tion, into classes that are perfectly defined. 

Such characteristics are always made use of 
that each of these sections shall comprise, as 
nearly as possible, equal numbers of bodies 
which exhibit in the same degree the reactions 
which have served to establish the group. 

By another set of characteristics, new divi- 
sions and sub-divisions are established in each ol 
these classes. 

♦Extract from a memoir " On the Falsification of Fatty Bodies in General, and 
of the Oils in Particular/' presented to the " Societ6 Industrieile de MuUwuk" 
in Feb, 1861, and which was Toted the silver medal. 
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Proceeding in this way, a certain number of 
substances are eliminated, with which we need 
no longer occupy ourselves, and, after some 
tests, usually but few in number, we acquire the 
knowledge that the elements of the composition 
submitted to analysis belong to such or such 
section or class or to one of the divisions or sub- 
divisions. 

It is only after having arrived at this result 
that we seek to determine, by a special method, 
the body considered, by making use of specific 
characteristics and particular reactions.* 

52. It is a similar method that Chateau follows 
in the analysis of the fatty bodies generally and 
the oils in particular. 

He proposed, by general reactions, to form a 
first classification which facilitates the determi- 
nation of the nature of the oil, and consequently 
allows its purity to be judged. 

These general reactions are : 

1st. The use of bi-sulphide of calcium, giving 
a soap which remains colored or loses its color. 

2d. The colors given with the sirupy chloride 
of zinc 

3d. The colors produced by ordinary sul- 
phuric acid. 

4. The colors produced by forming bi-chloride 
of tin. 

I — — — —— — — — —— — — mm 

* Frcci* d' Analyse Chemique Qualitative, M. M. Gerhard; ct Chancel. 
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5. The colors given, both cold and warm, with 
the sirupy phosphoric acid. 

6. The colors given by the pernitrate of mer- 
cury employed alone or together with sulphuric 
acid. 

These general reactions are rendered com- 
plete by the use of several other re-agents, 
potassa, ammonia, nitric-acid, etc., the use of 
which will be stated in the monography of the 

Ic*LS* 

Finally, the nature of the oil will be ascer- 
tained with certainty by testing for special char- 
acteristics and particular reactions as indicated 
in each monographing. 

The tests may be made in a large watch glass 
placed on a white paper, on a glass plate, also 
on white paper, or in a small white porcelain 
capsule. In practice the watch glass has been 
preferred. 

53. Preparation and Use of the Re-agents. 

Bisulphide of Calcium. — This is easily pre- 
pared by boiling a mixture of flowers of sulphur 
with chalk and water. After boiling a half-hour, 
it is filtered. That which has been prepared 
several days is to be preferred. 

Chloride of Zinc (sirupy?) — This re-agent is pre- 
pared by saturating pure hydro-chloric acid 
with oxide of zinc and evaporating to dryness 
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A sirupy aqueous solution is made of the 
product. 

Sulphuric Acid {commercial and colorless?) — This 
acid is used in the proportion of 3 or 4 drops to 
10 or 15 drops of oil. 

Bi-chloride of Tin {fuming.) — This re-agent is 
obtained from dealers in chemicals. It is also 
called the " fuming liquor af Libavius." 

Phosphoric Acid {sirupy) — A strongly concen- 
trated solution resulting from the action of 
nitric acid upon phosphorus, or else a sirupy 
solution of phosphoric acid prepared in advance, 
or, better still, bought of the druggist. 

Pernitrate of Mercury. — This is prepared by 
dissolving mercury in an excess of pure nitric 
acid The use of this re-agent is two-fold : 1st, 
in the observations of color produced by the 
salt alone ; 2d, in observations of the colors pro- 
duced by sulphuric acid when poured over the 
oily mass after the action of the salt of mercury. 

Potassa. — Concentrated solution of caustic 
potassa. The author has used alcoholic po- 
tassa. 

Ammonia — That of commerce — colorless. 

Nitric Acid {pure.) — Commercial. 

All those re-agents are employed by pouring a 
few drops (4 or 5) on the oil, which is placed in 
a watch glass, covering a surface about equal to 
that of a franc — French. 
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With the concrete oils, the fats, tallows and 
waxes, four or five drops of the re-agent are used 
with a piece of the fat of the size of a pea. 

54. The tables following give a resume of the 
reactions of the oils when they are subjected 
under similar conditions to the general re-agents 
already indicated. 

To facilitate and guide investigation the oils 
are divided into the drying and the non-drying 
oils and animal oils. 



\ 



1 
! 



j 

a 

|| 

5 Ofi 

I Mb 
« it 

i E 

IJ 

i 


.i 
1 


I | l 

1 J. a 
Ills . , < t 

1*1 JHf3 


if ci 

a 1 1 I 1 1 * - « 


i j 

Mil 


J 

1 i 


J 


| i i 4 | 

1 * ! -; 

.■ a i -B I -3 

i o s f s - j 

I J 3 J s s ■! | 


1 

1 


5 tf ., 1 

i 1 i 1 i J i 
It i^i* 

1 1 till 

1 a j, -S * & fe 

1 & *I& ! I 



ll 

if 

„ - 

|! 

1 



96 



O 

N 

W 
Q 

O 

K 
u 




fa . 



o 

.■sa 

5 
v 

u 

o 
En 

7^ 

SB 

sn 

c 
OK 






c 

u 

o 
"3 



tKI>; 



5 






1 



<* 
X 



* 



i 



> 



i 



J 



I 



>*^ > 

•J ^ 



•8 



« 



<2 
o 
u 



J 1 



s 



o 



£ ^ I 1 

St o ;s« w a « is^J 
eg S O w O O 



J 



o 



e 






B 
§ 



U i 



^ 



5* 






n c 



IS S - g I I 



u"0 



V 
V 



Q 



fa tt 



s 

Oh 



J3 
(J 



e 
8 
o 
U 



c 



o 

u 



l/> 



si 
I- 



3& 8 



3 

« 

d 



a 

V 

V 

A 

(fi 






C/5 



.5. O 
V 



"3 

SB 

■si 



3J 



4-. C 

V o 






C/3 



y 

c 

& 

>sfa 

a— * 
a 



'•3 

. a 

ft 



3 
fc 



i. 

II 

!i 

3 


i 

^ 






1 


JHrll III 


hy 


1' 

If 




1 Jj3 


^_ = t-|sg C* ^g 1- 

il!-iii'.ii^."3 1» 

8 > & « i tijlll t 


|> 


<5 


1 5iF a £tffc 


-1 

y 
it 


^ 


■1* IWj JMll; 


&3 

a 


1 


lh 


* 


1 , i,ll«l 

li i= il 





9 8 





3 


55 


8 


*-* 
H 


1 


o 


1 
8 


w 


i-* 


Q 


V 


»-« 


u 


tf 


if 


o 


Ph 


w 


10 

•a 


PQ 


H 




a 


O 


o 


•-4 




s 


^o 


fa 


u 



Green, Greenish-Bluish Green, Greenish 
Blue. 
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Cod Liver, 

violet blue, 

reddish- 
violet, 

violet of 

pansy, 
scarlet, 

Dragon's 

Blood, 

Ray, same. 
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Rape Seed. 
Colza. 
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Do. (North 

Europe), 
(bluish G.) 
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Horse Foot, 
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Tallow, (R. 
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(B. Y.) 

Do. 
(N. Europe). 
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> 




Yellow, Faint Yellow, (F.Y,) Golden Yel- 
low, no color. 
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Neatsfoot 

(Paris). 

Sheep Foot 
(F. Y.) 
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(refined) 

do. (ordinary) 
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(F. Y.l 

Sweet 

Almond* 

(no color). 
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(trench). 
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Olive 

(refined). 


Do. 

(ordinary). 
Do. 
(huile 

d 'enfer. 
Colza 
Rape Seed 
Camline. 
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Linseed 
(English). 


Do. (North 

Europe). 
Do. 

(Bayonne). 
Hemp Seed 
(D. G.) 




Yellow, Straw, Golden Yellow, Orange 
Yellow. (O. Y) 


Animal. 


Whale 
(S.Y.) then 
(O. Y.) 


Neatsfoot 
(Buenos 

Ayres). 

Horse Foot 
(O. Y.) 

Tallow (S.Y.) 

Sperm (S. Y.) 
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(distinct 

br. red.) 
Fish (R. Y.) 

Cod(R. Y.) 
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Peanut 
(S. Y.) 
Cotton 
(gold. Y.) 
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(N. Europe). 
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(India.) 
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yellow.) 




White, No Color, Discoloration, Grey, 
Slightly Yellowish. 
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(Paris). 


Sheep Foot. 
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Greens— Greenish, Sea Green, (S. G.) Bluish 

Green. 


1 

tt 


1 






Olive 

(superfine), 
(greenish Y.) 

Olive 

(ordinary), 
(greenish Y.) 

Olive 

'S. G.)and 
(Greenish Y.) 

Colza. 

Rape Seed, 

(S. G.) 

Camline* 

(faint G.) 


• 


* 


Linseed 

(English). 

Hemp Seed, 
(greenish after 
agitation.) 


MERCURY 
Salt Alone. 


Yellow. Faint Yellow, Gold Yellow. (G. 

Y.) Canary Yellow, Orange Yellow, 

(0. Y.) Straw Yellow. (S. Y.) 


**• 

l 

* 


Neatsfoot, 
(R.Y.) 

Horse Foot. 
(O. Y.) 

Whale, 

(faint Y.) 

Seal, 
(reddish Y.) 

Fish, (G.Y.) 

Cod,(S. Y.) 

Ray. 

(faint Y.) 


RATE OF 
CJiven by the 




Olive 

(refuse), 
(G. Y.) 

Rape Seed, 
(S. Y.) 

Peanut, 
(faint Y.) 

Camline, 

(S. Y.) 

Sesame, 

(0. Y.) 

Cotton, 
(faint Y.) 


PERNFI 
Colors < 
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Linseed 
(N. Europe), 
(S. Y.) 

Linseed 
(Bayonne), 

is.V.) 

Linseed 

(India), 
(faint Y,. 
with veins of 
dark Y.) 

Linseed 
(English), 
(faint Y.i 




White or Gray Emulsion, or No 
Coloration. 
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Neatsfoot, 
(P*ris). 

Sheep Foot. 
(W.) 

Tallow, no) 
color.) 

Speraa, (no 
(color. 




1 
> 


Sweet 

Almond, 
(grayish 

white.) 

Sesame, 

(white.) 

Beech, (no 
coloration.) 




Poppy 

(French), 

White, 
(slightly 
yellowish.) 

White 

Poppy, 
(Do.) 

{Nut, no 
coloration.) 

Castor, 

(white.) 
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55- Method of Using the Preceding 
Tables of Reactions. — Before making use of 
the tables just given, it is best'to notice. the indi- 
cations furnished by the employment of organo- 
leptic methods ; in fact, the odor, taste, color and 
consistence are characteristics that assist greatly 
in determining the method of adulteration. 

Several cases may be presented in the analysis 
of oils. 

ist. Having a commercial oil the name of 
which is unknown (without label or label effaced, 
for example), to ascertain what it is. 

2d. Knowing to what class an oil belongs, but 
not knowing its name, to ascertain it. For ex- 
ample, knowing of an oil that it is a drying, 
fixed or animal oil. 

3d. The name of an oil being certainly known, 
to ascertain whether it is pure or not. 

These are three questions that the chemist, the 
purifier, or even the consumer may at any time 
be called upon to solve — particularly the last. 

First Case. — Knowing nothing of the oil, to 
Ascertain its Name. 

First try the bi-sulphide calcium as directed in 
the instructions for preparing re-agents. 

Suppose, for example, the oil gives a golden 
yellow emulsion which retains its color. The oil 
tested may be linseed, nut, olive (superfine or 
u lampante"\ sweet almond, colza, rapeseed, 



io6 

sesame, camline, cotton, sheepfoot, tallow or 
sperm. If in the reaction it does not produce 
effervescence and evolution of sulphuretted 
hydrogen, it cannot be tallow oil. That is elim- 
inated. 

Try next a current of chlorine for a quarter 
of an hour. If it produces no black coloration 
it is not sperm oil. 

Try chloride of zinc. This re-agent gives a 
green, greenish, bluish green coloration; the 
table gives the linseeds of India, Bayonne and 
North Europe, colza, camline, sweet almond, 
refined olive, and the other grades of olive, cod 
and ray oils. 

The oil tested cannot be the lower grades of 
olive oil, cod liver or ray liver. Bisulphide of 
calcium would have indicated them ; on the 
other hand, it is not rapeseed, sesame, cotton, 
English linseed or sheepfoot, as the chloride of 
zinc would have detected them. 

We are then limited to the linseeds of India, 
North Europe and Bayonne, colza, camline, 
sweet almond and the higher qualities of olive 
oil. 

Try sulphuric acid. Suppose it gives, for 
example, a dark coloration of the tints reddish 
brown and " dragon's blood." Consulting the 
tables, it is 5een that such effect indicates the 
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linseed oil of different countries, and a series of 
fixed and animal oils which had been eliminated 
by the preceding tests. 

The oil is, therefore, linseed oil, and it only 
remains to determine its origin. 

The special reactions will be given in its 
monography. 

Thus, without using the remaining tables, the 
name of the oil supposed to be offered for test 
is determined. By trying the reactions given 
by the other re-agents indicated, the nature of the 
oil can be still more precisely ascertained. 

It is evident that another order of operations 
might have been followed, but it is indispen- 
sable to commence with the bisulphate of cal- 
cium. This re-agent divides the oils into two 
great groups ; and to proceed from the use ol 
simple to that of complicated tests. 

Second Case. — Having given, for example, a 
Fixed Oil, to Ascertain its Name. 

Try bisulphide calcium. This re-agent may 
give, for example, a golden yellow emulsion, 
which retains its color. 

They can be neither olive of low quality, 
peanut nor beech. It is useless to try chlorine 
here. 

Pass on to chloride zinc. We may obtain, for 
example, a greenish bluish green ; the oil cannot 
be a poor quality of olive oil, or sesame, or rape- 
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seed, or cotton. There remain colza, illumina- 
ting* olive or superfine, camline, sweet almond. 

Test with sulphuric acid This re-agent gives, 
say, a reddish yellow color. This eliminates 
colza and illuminating olive oils, leaving camline, 
sweet almond and superfine olive. 

Apply the fuming bichloride of tin. Perhaps 
a light brownish red may appear instantaneously, 
and with it a thick mass of faint or straw yellow 
color. 

The first reaction eliminates sweet almond 
and best olive ; the second confirms the first. 

The oil must then be camline. 

The special reactions given in the monog- 
raphy of this oil will clearly identify it. 

The most unfavorable example has been 
selected to illustrate fully the use ot the re-agents. 

Had a soap been obtained which did not 
retain its color, it would have limited the further 
investigation to only four oils. 

In such cases the labor is vastly reduced. 

A similar process would determine the name 
of any animal oil. 

The bisulphide calcium effects a primary 
division — three oils on one side and eight on the 
other. If the characteristics developed indicate 
one of the eight, the use of chloride will elim- 
inate the fish oils, leaving it to be decided 
;her it is neats-foot or horse-foot oil. 
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THIRD Case. — To ascertain the Purity of any 
oil indicated. 

Here the investigation is limited. 

As an oil is only adulterated with oils less 
costly, it is, usually, not difficult to decide upon 
a limited range of possible adulteration. 

It is also evident that an oil can only be adul- 
terated with a similar oil of inferior quality or 
one possessing very similar properties. Thus an 
edible oil could not be adulterated with an oil 
of strong odor,- as olive with fish, etc. 

It is true that a difference of price does not 
invariably limit adulteration, as the price varies 
in different seasons, and sometimes, even, from 
day to day. Thus colza is now quite costly, 
while linseed is cheap. The adulteration of 
colza with linseed is, therefore, quite probable — 
it is practiced to a great extent — but a season 
before, the contrary was the fact. 

Suppose the purity of edible poppy oil is to 
be tested ? 

After having tried and noted the organoleptic 
indications, test with the bisulphide calcium. 
Suppose a soap obtained which retains its color? 
All the oils giving a soap which loses color are 
thus eliminated. 

Without further test, an examination of the 
tables will show that the three animal oils, sheep- 
foot, oleic acid and sperm are also easily elim- 
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inated, these oils having characteristic odor and 
taste. The linseed oils also have odor and are 
not edible. The adulteration could not be with 
superfine olive oil, for it is too costly. Illumi- 
nating olive oil has a characteristic taste and 
odor, which places that on one side. Cotton 
seed oil, by its color and taste, and the oil of 
sweet almonds, by its price, are out of the 
question. There remains nut, colza, rapeseed, 
sesame, camline and poppy. 

Try the chloride of zinc. Suppose a white or 
slightly yellowish mass be obtained? This 
reaction eliminates colza, rapeseed and camline, 
leaving nut, sesame and poppy. 

Next use sulphuric acid, which may give a 
reddish yellow color. As the nut oil does not 
give this reaction, there remains sesame and 
poppy. 

Trying the fuming bichloride of tin, it gives a 
faint yellow coloration and a straw yellow solid- 
ified mass. We still find these reactions to 
indicate sesame and poppy oils. 

It then becomes certain that the poppy oil is 
adulterated with sesame. 

Try then phosphoric acid. This gives, per- 
haps, a faint yellow — orange yellow. The detec- 
tion is confirmed, since poppy oil should give a 
white emulsion. Lastly, turn to the monog- 
raphy and try Behrens* re-agent, which will 
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determine unerringly the presence of the oil "of 
sesame. 

A difficult example has again been selected — 
one in which an oil has been adulterated with 
another having nearly the same characteristics, 
and giving very nearly the same reactions. 

Another example might have been selected, 
with which the investigation would have been 
simpler and the result quite as certain. 

This method will apply quite as well to the 
concrete oils, the greases and tallows. 

Among the most common mixtures are the 
adulteration of sperm with blackfish or with 
whale oil ; the mixture of cotton seed with 
otherwise good lard ; the introduction of peanut 
(ground nut — earth nut) oil with olive, and the 
addition of an alkali with water or of plaster to 
tallow. Probably the greater proportion of the 
lubricating oils now in use are mixtures, and the 
most usual is an acknowledged mixture of min- 
eral with animal oils. 

56. Machines for Testing Lubricants. — 
The most important of all the tests to be ap- 
plied to determine the precise value of a lubricat- 
ing material, and that which most completely 
and satisfactorily reveals that value, is applied by 
using some form of apparatus or machine spe- 
cially constructed for the purpose. 
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In order to determine precisely what oils are 
adapted to any special purpose, or to ascertain 
for what uses any oil is best fitted, it is always 
necessary to make an examination of the lubri- 
cant working under the specified conditions. 
That is to say: the oil should be put upon a 
journal of the character of that on which it is 
proposed to use it, and, subjecting it to the max- 
imum pressure proposed, running it at the max- 
imum speed that the journal is ever expected to 
attain, its behavior will then show conclusively 
its adaptability to such an application. While 
running, it is necessary to be able to measure 
the friction produced and to determine its co- 
efficient, which, as we have seen, is its measure, 
and to be able to note its durability and the rise 
in temperature of the bearing. These qualities 
being determined and recorded, all is known of 
the oil that is needed to determine its lubricat- 
ing power. 

As I have already stated, lubricants are tested 
to determine their value by placing them as 
nearly as possible under the conditions of actual 
work in machines designated for this purpose. 
A considerable number have been invented, 
although but two or three are in use. 

One of the oldest is shown by figs. 8 and 
9 of McNaught. It consists of two disks. 
The upper one is loose •. the lower one is turned 



"3 

by a pully on its spindle. The oil is interposed 
between thp disks, and the friction causes a ten- 
Fig. 8. 




' Fig. 9. 

dency on the part of the loose disk to turn with 
the other. This tendency is resisted by a pin on 
its upper side coming in contact with the short 
arm of a bell-crank lever, the long horizontal arm 
of which carries a weight, which can be adjusted 
to measure the friction. 

Fig. 8 is a side elevation, with the disks C and 
D shown in section, and fig. 9 is a plan. It con- 
sists of a disk,/?, attached to a shaft, A, which is 
driven by a pulley, B. On top of D is another 
disk, C, which can turn on the shaft or spindle 
A. The oil to be tested is placed between these 
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two disks. As the lower one turns, the friction 
between them carries the upper one with it, but 
its motion is restrained by a pin, F, which comes 
in contact with another pin, /, in the end of the 
arm of a T-Iever, CHI F, which is pivoted at H. 
A movable weight, K, slides on the arm G H, on - 
which is a scale to note its position. A counter- 
weight, /, is attached to the opposite end of the 
lever, so as to afford the means of a more deli- 




Fig. 10. 
cate adjustment. Tt is evident that the resist- 
ance due to the friction between the two disks 
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may in this way be very accurately measured by 
the* position of the weight K. 

This is not a very complete instrument, nor is 
it, as constructed, capable of giving very accu- 
rate determinations. 

In Napier's machine, fig. 10, there is a wheel, 
By of which the smooth, wide rim is pressed by 
a brake-block, A, which is forced against it with 
any desired amount of pressure by the action of 
weighted levers D and F. The effort ot the 
wheel to carry the block around is resisted by 
another weighted lever, C, and by it the friction 
is measured. 

Another machine, fig. n, which has been well 
known abroad for many years and has recently 
been introduced to some extent in the United 
States, is that of Messrs. Ingham & Stapfer. It 
consists of a shaft running in two bearings and 
carrying a third journal between them. This 
latter has adjustable bearings, which are set up 
to any desired pressure by weighted levers. 

A thermometer in the top brass enables the 
heating of the bearing to be observed. In this 
machine the friction cannot be measured ; but 
the durability of an oil and its effectiveness in 
keeping a bearing cool can be observed. The 
machine has been extensively used in Europe, 
where Messrs. Bailey & Co., of Salford, have 
been building it many years, Jt ha§ been mad§ 
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The next sketch, fig. 12, exhibits a modification 
of the Bailey machine as proposed in testing 
the durability of an oil. 




Fig. 12. 

The tank (see below the journal) contains a 
quantity of oil which is carefully weighed at the 
beginning of the test and again after several 
hours work, when a portion will have been worn 
away or oxidized. 

Fig. 13, shows the same machine as applied 
to test the solid lubricants, as lard and tallow. 

Fig. 14 illustrates Crossley's dynamometer for 
measuring spindle friction when oils of various 
qualities are to be compared, as the instrument 
is made by Bailey. 

It consists of a small, neatly made, transmitting 
dynamometer, through which the spindle or 
spindles 4 are driven, which indicates, by means 
of a pointer traversing an arc, the force with 
which friction resists revolution in cases com- 
pared* This method h^s beeji adopted in the 



determination of the relative resistance in the 
machine in use at Cleveland, to be hereafter re- 




Still another very simple machine designed by 
Bailey is seen in fig. 1 5. 




Fig. 14- 

The pendulum carries a link at a point about 
one-third its length below the point of suspen- 
sion, which link moves a little block of brass on 
the table set at the same height and supported 
by a bracket carried by the main standard of 
the machine. The lower end of the pendulum 
traverses a suitably graduated arc. 

The test consists in applying a drop of the oil 
between the block and the table and noting the 
number of vibrations made belore stopping. 

Among other forms of machines should be 
mentioned that of the Lake Shore & Michigan 
Southern Railway,* at Cleveland, which consists 
of a railroad axle driven at standard speed anj 
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loaded properly. It is fitted with a counter and 
a thermometer, and the power required to drive 
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it is measured by a dynamometer. Some good 
work has been done on this machine. 

A somewhat similar apparatus has been used 
at the Great Western Railway Company's 
works, at Hamilton (Canada), but without 
dynamometer, and still another, similar to the 
latter, was used by Mr. A. H. Van Cleve in 
making a series of experiments for the Camden 
& Amboy Railroad some years earlier. 

A modification of the McNaught machine 
which renders it far more useful than the origi- 
nal has been made by Mr. Hodgson, 

A si Je elevation of this machine, representing 
some of the parts in sections, is shown by fig. 
1 6, a front elevation by fig. 17, and a plan by fig. 
18. It consists of a horizontal plate A A, figs. 
16 and 17, attached to ^ vertical shaft, B B, 
which is driven by a pair of mitre wheels, C and 
JD, the latter attached to the horizontal shaft, 
D E, on which are.a tight and a loose pulley, F 
and G, which are driven by a belt. The plate 
A A has an angular groove or receptacle in top, 
in which a corresponding plate, H H, bears. 
This plate is attached to the shaft 1 1 so that 
they will turn together, but the shaft is fitted 
into the plate somewhat loosely, so that the 
plate H H can always bear on A A uniformly all 
round, and not be constrained by the shaft /, 
The oil to be tested is placed in the annular 
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groove between the two plates, or in an oil-cup, 
a 9 attached to the top plate. On top of the 
shaft /a lever, JJ' t bears on the centre, J. Any 
desired pressure can be brought to bear upon 
the lever and shaft, and through the latter upon 
the plate H H, by means of a spring balance, K, 
which can be screwed down to any desired 
pressure by a thumb-screw, b. It is obvious 
that if a pressure is brought to bear on the two 
plates, as the lower one revolves, the friction 
between them will tend to turn the upper plate 
and the shaft / to which it is attached. This 
motion will be resisted by a lever, L L\ (shown 
in plan below, fig. 17) with a sector, c d 9 on the 
outer end. This lever is attached to the upper 
end of the shaft / /. A cord, L f y is attached 
to the sector at c , and wound around its outer 
edge, and it then passes over a pulley, e e, and 
passes downward, and is fastened at f to another 
spring balance, M. It is evident from this de- 
scription that when the machine is put in motion 
the friction between the two plates will cause 
the upper one to turn, and this, by means of the 
lever L and the cord U F, will raise the spring 
balance M until the resistance of its spring is 
just equal to that of the friction between the 
plates. In this way the indications of M will 
always measure the friction between the plates 
and that due to the oil which is placed between 
them to be tested. 
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A thermometer, T, is attached to the upper 
plate, H y to indicate the rise in temperature, and 
the shaft, B 2?, has a worm gear, N t which 
works into suitable gear wheels, O and O', which 
form a revolution counter, the index finger F 
indicating on a graduated face, which is not 
shown in the engraving, the number of revolu- 
tions made by the machine. From this descrip- 
tion it will therefore be seen that this machine 
determines the coefficient of friction of the oil, 
and the rise in temperature due to a certain 
amount of work done, which is determined bv 
the pressure on the plates and the number of 
revolutions made in a given time. 

This is the first c* the illustrations in which 
all the required conditions can be introduced. 
Here the oil may be introduced in standard 
quantity, under the proposed pressure, and the 
machine can be driven at the required speed ; 
while the thermometer and the spring balance 
show the temperature, and that more important 
figure the amount of friction. The machine 
might be so proportioned as to give the coeffi- 
cient of friction, although it might be a nice 
matter, perhaps, to obtain the exact measure. 

57.— Lieut. Metcalfe, of the U. S. Army Ord- 
nance, in experiments made at the Frankford 
Arsenal* in 1873, on ax l e an< ^ trunnion friction, 

« Ordnance Notes No. LXXXIV. Washington July 15th, 1878. 
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determined the time required to raise the tem- 
perature a given amount with each of several 
oils. The following are the values for sperm, 
whale and lard oils, under a pressure of about 
£o pounds per square inch, and a velocity ot 
r u bbing of about 800 feet per minute. The journal 
was of iron, the bearing of bronze. Three trials 
were made : 

TIME. 

Springfield Sperm 139 seconds. 

" Lard 102 " 

Frankford Whale 107 " 

" Lard 105 " 

Lieutenant Metcalfe next adopted Rankine's 
method of noting the time required by a fly- 
wheel running loosely on a shaft to lose a given 
quantity of energy while stopping under the 
opposing efforts of its own inertia and the fric- 
tional resistance of its lubricated bearing on the 
stationary axle. From this he deduced the co- 
efficient of friction thus : 

The energy thus destroyed is 

2 

in which Mis the mass ( | of the wheel, K 

V 32.2 / 

its radius of gyration, and © is the initial angular 
velocity. 
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The work of resistance by friction is Q — Q 
and is measured by 

Q — 2F*RN— MK & 

* 2 

and 

MK*e* 



F^ 



4* RN 

in which F is the effort of friction resisting mo- 
tion, R the radius of the shaft or journal, and N 
the total number of revolutions made while 
stopping. The mean velocity B' is one-half the 
initial velocity &. Then 

MIO 6r _ \M K*« N 
4«RN^ R S 2 

where S is the time of retardation in seconds. 

_F = F \K'*N N 

f W ~'M K ~ RS\ ~~ S~* 
in which last expression C is a constant to be de- 
termined for any wheel used. 

In Metcalfe's experiments the pressure was 
about ioo pounds per square inch, and whale 
oil gave f— 0.015 to /— 0.016. 

The average revolutions were 53 per minute. 

At the light pressure of the ordinary work of 
gjun-carriage wheels, their coefficients became : 

Values of/ for low pressures (Metcalfe), sperm 
oil, 0.088 ; castor oil, 0.028 ; axle grease, 0.030. 
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58. — Thurston's Apparatus and Experi- 
ments. — I now come to the, description of my 
own work in this department of practical re- 
search. When, in the preparation of my lecture 
on subjects of special importance to the en- 
gineer, I came to the consideration ot this matter, 
I found that comparatively little had been done 
to determine the amount of friction under the 
every-day conditions to which we are accus- 
tomed at the present time. I found that nothing 
of any considerable importance had been done 
since the time ol Morin's experiments, and that 
no accurate determination of the amount of 
friction of lubricated surfaces had ever been 
made at pressures, such as 500 and 1,000 pounds 
to the square inch, which I had often observed in 
my own practice and in that of other engineers. 
No attention seemed to have been paid to the 
great difference in the percentage of friction 
which my experience and that of others had 
taught me was due to varying pressure. 

Those of us who have been accustomed tothr 
handling of steam engines and other machiuery 
have noticed — I have often — the extreme ease 
with which a crank " passes its center" under the 
heaviest pressure, and the freedom with which 
trie most ponderous fly-wheel turns in its bear- 
ing when in motion. No one can believe that 
the coefficients— 0.05 and " 0.03 under the most 
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favorable conditions' ' — given by the leading au- 
thorities, as determined by observation of light 
pressures, can be even approximately correct for 
these heavy loads ; were they thus correct, it is 
evident that the amount of work lost in the fric- 
tion of heavy machinery must be simply im- 
mense. 

I found that the determination of the amount 
of friction had, of late years, been seldom 
attempted, but that the simple measurement of 
the heating by means of machines of the Ing- 
ham & Stapfer class had been relied npon alone, 
and that results obtained were of value only by 
comparison. I therefore endeavored to devise 
a machine which should not ouly exhibit the 
heating of a lubricated journal under pressures 
and speeds variable at will, but one that should 
also give with great accuracy, and at the same 
time, the more delicate but much more impor- 
tant measures of the amount of friction. It was 
also desirable that the machine should give not 
only a measure of the resistance due to friction, 
but an exact measure of the percentage which 
that resistance bore to the total load on the jour- 
nal ; in other words, it should give directly and 
precisely the value of that " coefficient of fric- 
tion" which I defined at the beginning of these 
lectures. 
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I succeeded in the invention of such a machine, 
but, although I may claim to be the inventor of 
this machine, which is, I think, the first in which 
all the conditions of actual practice can be intro- 
duced and from which all the desired measures 
can be obtained, I must credit a student of the 
Class of 1 873 of the Stevens Institute of Tech- 
nology (Mr. J. A. Henderson, now of the United 
States Navy Eugineer Corps) with the produc- 
tion of this graceful and thoroughly satisfactory 
design. 

It is a custom, in that department of the Insti- 
tute over which I have the honor to preside to 
assign the students problems— projets, as the 
French engineers call them — in which a general 
description of the machine to be made, and of its 
work, is given ; and they are expected to pro- 
duce a complete and satisfactory design with 
description and working drawings. This machine 
was thus designed, and it was built from the 
drawings thus furnished without a single mistake 
which could be attributed to the designer. 

59. The construction ot the machine is best 
shown in figs. 19 and 20 below.* 

At F is the journal on which the lubricating 
material is to be placed for test. This journal is 
on the overhung extremity of shaft A, which is 
carried in bearings, BB' f on a standard, DD', 

* From the " Scientific American." 



i 3 r 

mounted on a base plate, EE'. The shaft is driven 
by a pulley, C, at any desired speed. A counter 
is placed at the rear end of the shaft to indicate 
the number of revolutions. Usually, the shaft is 
driven at a fixed speed, corresponding to the 
velocity of rubbing surfaces approximating that 
of journals on which it is proposed to use the 
the oil. The test journal, F, is grasped by bear- 




Fig. 19. 



ings of bronze, GG'. and with a pressure which 
is adjusted by the compression of a helical 
spring, J. This spring is carefully regulated, 
and the total pressure on the journal and the 
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pressure per square inch are both shown 
on the index plate, NN', by a pointer, M. 
Above the journal is a thermometer, QQ, of 
which the bulb enters a cavity in the top " brass," 
and which indicates the rise in temperature as 
wear progresses. 




The "brasses," thermometer and spring are car- 
ried in a pendulum, H, to which the ball, /, is 
fitted ; and the weights are nicely adjusted in 
such a manner that the maximum friction of a 
dry but smooth bearing shall just swing it out 
into the horizontal line. The stem, KK', oi the 



*33 

screw, which compresses the spring, projects 
from the lower end of the pendulum, and can be 
turned by a wrench. A pointer, O, traverses an 
arc, PP*, and indicates the angle assumed by the 
pendulum at any moment. This angle is large 
with great friction, and very small with good 
lubricating materials. This arc is carefully laid 
off in such divisions that dividing the reading by 
the pressure shown on the index, NN', gives the 
corresponding coefficient of friction. 

The figures on the arc are the measure of the 
actual resistance of friction on the surface of 
the journal in pounds. Dividing this frictional 
resistance by the total load gives, as by the defin- 
ition originally given, the exact value of the 
coefficient. As there is no intermediate mech- 
anism, this measure is obtained without pos- 
sible error, and, as the resisting moment changes 
very rapidly at low angles, great precision of 
measurement is obtained, as will be seen when 
the results of experiment are stated. The 
machine can also be arranged to give readings 
of this coefficient directly. 

The Theory of the Machine is as follows : 

Let R equal radius to center of gravity of pen- 
dulum ; 

F equal effort due to weight of arm ; 
r " radius of journal ; 
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/ equal length of journal ; 

w " weight of pendulum complete ; 

P " total pressure on journal ; 

/ " pressure per square inch of longitu- 
dinal section ; 

T equal tension on spring ; 

& " angle between arm and a perpendic- 
ular through axis ; 

f equal co-efficient of friction ; 

Q " total friction. 

When Q is equal to 90 , 

FR-Qr (1). 

And when any other angle, 

FR sin. 6> = Q r (2). 

Solving equation (2) with respect to Q, 

^ FR sin. & , v 

2 = — — (3)- 

The pressure per square inch is 

FR sin. S 
w ~ fp~ (4). 

The coefficient of friction is 

/ -..f_- 2 _I+? (5). 

4/r 4/r 

from this last equation the graduations on the 
right-hand side of the index-plate are deduced. 
From the equation 

N=4plr (6) 

the numbers on the left-hand side are deter- 
mined. 
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By substituting in equation (i) the value of 
Q, in terms of the coefficient and total pressure, 
it becomes 

FR-fbplry (7). 

Solving with respect to /, equation (7) be- 
comes 

FR 

f-'r' (8). 

4>/r 

From the numerator of the second number of 
equation (8) the graduations on the arc are de- 
duced. 

In applying the foregoing equations to the 
machine seen in the engraving, the following 
numerical values are given to the respective 
symbols : 

F= 2.5 lbs; R = 10 in. ; r = .625 in. ; / — 
1.5 in. ; 4/r — 3.75 sq. in. ; w = 6 lbs. Also, a 
compression of 1 1 inches of the spring corres- 
ponds to a tension of 100 pounds; hence? for 
each pound's tension the spring will be com- 
pressed .01375 of an inch. 

The graduations on the right-hand side of the 
scale are obtained from equation (5) : 

2T+ZV 



./ w " \4/ # 



• • • • • • • 



The first graduation will naturally be that 
value of/ when T is equal to O f which value is 
1.6. 
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The speed of the machine, when the belt is 
upon the largest pulley of the cone, C t should be 
that which will give at the surface of the testing 
journal, the least speed of rubbing, which is 
usually to be adopted. 

The figures on the arc P P f traversed by the 
pointer O, attached to the pendulum, are such 
that the quotient of the reading on the arc P P f 9 
by the total presure read from the front of the 
pendulum at M N f gives the " coefficient of 
friction," i. e. y the proportion of that pressure 
which measures the resistance due to friction. 

A printed table is furnished with each ma- 
chine, giving these coefficients tor a wide range 
of pressures and arc-readings. 

60. To determine the lubricating quality ', we re- 
move the pendulum HH, from the testing journal 
G G' f adjust the machine to rnn at the desired 
pressure, by turning the screw-head AT projecting 
from the lower end of the pendulum, until the 
index M above shows the right pressure, and 
adjust it to run at the required speed by placing 
the belt on the right pulley, C. 

Wei then throw out the bearings by means of 
the two little cams on the head of the pendulum 
H, in the small machine, or by setting down the 
brass nut immediately under the head in 
the large machine ; we next carefully slide 
the pendulum upon the testing journal G 
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G* 9 and see that no scratching of journal or 
brasses takes place. 

Then we oil the journal through the oil cups 
or the oil holes, set the machine in motion, run- 
ning it a moment until the oil is well distributed 
over the journal. 

Next we stop the machine ; loosen the nut or the 
cams which confine the spring, and, when it is 
fairly in contact and bearing on the lower brass 
with full pressure, turn the cams or the brass nut 
fairly out of contact, so that the spring may 
not be jammed by their shaking back while 
working. We now, start the machine again and 
run until the behavior of the oil is determined, 
keeping up a free feed throughout the experi- 
ment. 

At intervals of one or more minutes, as may 

prove most satisfactory, observations and 
records are made of the temperature given by 

the thermometer, Q Q> and the reading indica- 
ted on the arc P, of the machine, by the pointer 
O. When both readings have ceased to vary, 
the experiment may be terminated. 

The pendulum is then moved, the pressure of 
the spring being first relieved, and the journal 
and bi a^ses cleaned with exceedingly great care 
from every sign of grease ; special care is taken 
to have no particle of lint on either surface, or 
any grease in the oil cups or oil passages. 
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A comparison of the results thus obtained 
with several oils will show their relative values 
as reducers of friction. 

If the lubricant is to be used at high tempera- 
tures, a corresponding temperature is given to 
the bearings by means of a Bunsen flame. 

Steam Cylinder Lubricants are tested upon 
bearings heated to a temperature corresponding 
to any desired steam pressure. When the max- 
imum temperature has been attained, the flame 
is removed, and the behavior of the oil noted 
as the temperature falls to 21 2° F., which cor- 
responds to atmospheric pressure or to zero on 
the steam gauge. Any effervescence or exces- 
sive friction at the higher temperatures con- 
demns the lubricant. For comparison, our cus- 
tom is to take the average of the coefficients of 
friction for temperatures ranging from 340 F. 
— corresponding to a gauge pressure of 104 
pounds — to 212 F. 

In each case we record in tables like the blanks 
— of which a copy is given on the next page — 
which are sent with the machine : 

1. The pressure and speed of rubbing at each 
trial; 2. The observed temperatures; 3. The 
readings on the arc of the machine ; 4. The cal- 
culated coefficients of friction. 

We enter at the end of the trial the average 
and the minimum coefficients, and the total 
distance rubbed over by the bearing surfaces. 
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6i. To determine the Liability of the Oil to 
Gum. — The bearings are lubricated with a 
definite quantity of the oil, and the machine 
run a certain number of revolutions. The tem- 
perature of the bearings and the friction at the 
end of this period are noted. Both journal and 
brasses are then removed, placed under a glass 
receiver which excludes the dust yet permits 
the entrance of air, and are left there for any 
desired length of time. At the end of that time 
the bearings are replaced in the machine and 
the latter is run until the temperature of the 
bearings is the same as at the previous trial ; the 
friction is then again noted. Any increase of 
friction above that previously observed must be 
due to the gumming of the lubricant. For the 
machine described, the standard quantity of the 
lubricant is 16 milligrams, which is ample to 
afford perfect lubrication of the bearing surfaces 
during the trials. The number of revolutions 
at the first trial is 5,000 ; it may, however, vary 
considerably without affecting the results so 
long as it is too small to affect the wearing 
qualities of the lubricant, as within this limit the 
friction remains constant with a constant temper- 
ature. Changes in temperature and friction 
always accompany each other; it is for this 
reason that great care is taken to obtain the 
same temperature of bearing at each trial. 
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To determine Durability, we proceed as in 
determining the friction, except that the lubricant, 
should not be continuously supplied, but should 
be fed to the bearing a small and definite por- 
tion of time — say a drop for each two inches 
length of journal. Extreme care should be 
taken that each portion actually reaches the 
journal and is not lost, either in the oil-hole or 
by being wiped off the journal, and that the 
portions applied are exactly equal. 

When the friction, as shown by the pointer O, 
has passed a minimum and begins to rise, the 
machine should be carefully watched, and should 
be stopped either at the instant that the friction 
has reached double the minimum, or when the 
thermometer indicates 21 2° F. ; or else another 
portion of the lubricant should be then applied 
to the journal. 

This operation should be repeated until the 
duration of each trial becomes nearly the same ; 
an average may then be taken either of the time, 
of the number of revolutions, or of the distance 
rubbed over by the bearing, which average will 
measure the durability of that lubricant. 

Next, we carefully clean the testing-journal, 
and proceed as before with the next oil to be 
tested. 

In making comparisons we always test the 
Standard, as well as the competing oils, on the 
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same journal and under precisely the same con- 
ditions. 

When testing an oil to ascertain its " dura- 
bility" or endurance, a certain quantity, which 
is determined by experiment, is placed upon the 
journal, in all cases, and the test is continued 
until a limit is reached which is considered by 
the experimenter to be that of the valuable or 
safe use of that quantity of the lubricant under 
the conditions of the trial. 

Until my own work began, it was the uni- 
versal custom, I think, to continue the trial 
until the temperature of the bearing, as indi- 
cated by the thermometer, attained a certain 
point, as 120 or 200° Fahr., and to take the 
number of revolutions of the journal, or the 
number of feet traversed, up to that point, as a 
measure of endurance. 

The real endurance, however, of the lubricat- 
ing material bears no definite proportion to the 
range of temperature thus observed. 

A better method is probably that adopted by 
the boards of U S. Naval Engineers, sometimes 
appointed to test oils at the navy yards. By 
this method, the quantity of oil required to keep 
down the temperature of journal to a certain 
figure, as no° or 115 Fhr., during a definite 
period, as one hour, five hours, or twenty-four 
hours, is measured, and the endurance is taken 
3S inversely proportional to these amounts. 
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My own method is quite a different one. I 
consider the endurance of a lubricant to be 
measured by the length of time that it will con- 
tinue to cover and lubricate the journal, and 
prevent abrasion. 

When an oil is placed upon a journal, and 
there subjected to wear without renewal, it 
gradually assumes a pasty or gummy condition, 
slowly losing its lubricating power, and finally 
either increases friction to an objectionable 
extent, or oftener becomes so far expended as to 
permit the two rubbing surfaces to come in 
contact. It has been my custom to run until 
this occurs, and then to take the length of the 
run as a measure of the endurance of the oil. 

It is extremely difficult to obtain successive 
measures of similar value by this method ; but 
by taking an average of several — or many, if 
necessary — successive trials, the true measure of 
the endurance of lubricants can be obtained 
with any desired or necessary accuracy, This 
method, it should be observed, involves far 
more risk of injury to the journal than the other, 
and this necessitates, sometimes, considerable 
loss of time in bringing the rubbing surfaces 
back into good condition again before going on 
to make other tests. The determination of the 
real value of the lubricant is usually of sufficient 
importance to justify whatever time, trouble and 
expense may be thus incurred. 
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We are compelled to be exceedingly careful of 
the testing journal. A scratch will alter the con- 
ditions, sometimes, to a measurable degree. For 
nice work, the size of the drops is very carefully 
preserved constant. It is sometimes weighed on 
a chemist's balance. For rough work, a dropper, 
such as is used for medicine,with careful handling 
will do very well. I have had very good work 
done by dropping the oil from a No. 8 wire, filed 
smoothly to rather a blunt point. Dipping it into 
the oil, the first drops, when held vertical, are 
variable, but, after a half minute or so, they be- 
come uniform. We use the drop that falls after 
the expiration of three-fourths of a minute. The 
wire yields drops of sperm, at that instant, 
weighing eight. milligrammes. We are always 
careful to see that the testing journal has a little 
end-play in its bearings, and keep it moving, 
during the test, to keep the oil distributed. 

Many of our railroad companies, as well as 
other consumers of oil, are now regularly testing 
in this or some less thorough manner, and some 
of them are saving immense sums by this simple 
plan. The most complete system is probably that 
of the Pennsylvania Railroad Company, as prac- 
ticed by Dr. Dudley in the laboratory at Altoona, 
where all the materials used on the road, prop- 
erly subject to sueh examination, are tested, 
including their iron and steel, etc., as well as 
their lubricants. 
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In the Mechanical Laboratory of the Stevens 
Institute of Technology all results are entered 
in a set of record-books, where they are per- 
manently preserved for the use of the Institute 
and for the accommodation of those having the 
work done. The results of test are furnished 
the latter on printed blanks which are similar to 
the pages of the record-books. 

62. Thurston's Railroad Machine.— The 
small machine gave such results as to encour- 
age me to design a large one especially fitted for 
railroad work, and one was subsequently built 
for the Stevens Institute of Technology, and 
others for the Pennsylvania Railroad laboratory 
at Altoona, and other roads. 

The journal is of standard car-axle size, 3^ 
inches diameter and seven inches long. The 
speed is intended to be adjusted to speeds varying 
from that of a twenty-six inch engine-truck wheel 
at sixty miles an hour down to that of a forty- 
two inch wheel running fifteen miles an hour. 
The pressures are adjustable from a few pounds 
total pressure up to 400 pounds per square inch, 
or a load of nearly 10,000 pounds on the journal. 

Fig. 21 is a side elevation of the larger ma- 
chine, with the journal and pendulum in section, 
and fig. 22 a front elevation. It consists of a 
shaft, A £, which is driven by a cone pulley, C, 
the whole mounted on a cast-iron stand, D, ter- 
minating in a forked end at the top, with two bear- 




Fig. 21. Fig. M. 

ings, E and F, in which the shaft runs. The shaft 
projects beyond the journal F, and the project- 
ing part A is provided with a sleeve or bushing, 
m m, the outside of which forms a journal on 
which the tests of oil are made. A pendulum, 
A G, is suspended from this journal with suitable 
bearings, a a, which work on the journal m m ; a 
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heavy weight, G f is attached to the lower end 
of the pendulum. It is evident that the friction 
on the journal m m will have a tendency to 
move the pendulum in the direction of the revo- 
lution of the shaft, and that the greater 
the friction on the journal the farther will 
the pendulum swing. A scale or dial, H h 
is attached to the stand, and the distance the 
pendulum swings may be read off on this scale, 
which thus indicates the coefficient of friction 
of the lubricant on the journal. In order to 
get any desired pressure of the bearings on the 
journal, the pendulum is constructed as follows : 
A wrought iron pipe, J> which is represented in 
fig. 2 1 by solid black shading, is screwed into the 
head K 9 which embraces the journal and holds 
the bearings a a in their place. In this pipe a 
loose piece, b, is fitted, which bears against the 
under journal-bearing a! . Into the lower end of 
the pipe a piece, c c, is screwed with a hole 
drilled in the centre through which a rod, «/, 
passes, the upper end of which is screwed into 
a cap, d V between this cap and the lower piece, 
c c, a spiral spring shown in section in fig. 2 1 
is plaeed. 

The upper end of the rod has a cap, e, 
in which it turns and which bears against the 
piece b 9 whieh in turn bears against the bearing 
a'. If the rod is turned with a wrench applied 
to the square head at/, it is obviouS that the 
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cap d will be either drawn down on the spiral 
spring, which will thus be eompressed, or it will 
be moved upward, and the spring will thus be 
released, according to the direction in which the 
rod is turned. If the spring is compressed, its 
lower end will bear against the under cap and on 
the piece c c, by which the pressure will be 
transmitted to the pipe J, and thence to the head 
K y and from that on the upper journal-bearing 
a ; while at the same time the upper end of the 
spring bears against the cap d, which, being 
screwed on the rod f, transmits its pressure 
upward to the cap ^, and from that to the loose 
piece b, and from that to the upper journal-bear- 
ing a. It will tjius be seen that any desired 
pressure within the limits of the elasticity of 
the spiral spring may be brought upon the 
journal and bearings by turning the rod/*. The 
piece b y has a key, /, which passes through it and 
the pipe J. This key bears against a nut, o, which 
is screwed on the pipe, its object being to pro- 
vide a ready means of relieving the journal of 
pressure by simply turning the nut o when it is 
desired to do so. An index, *', is attached to the 
spiral spring so as to show the position of the 
latter. The oil is fed to the journal by means of 
oil-cups, L L on the top of the head K, and a 
thermometer T is attached between the two 
cups, and from it the rise in temperature is ob- 
served. A cord, s y is attached to the pendulum 
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to prevent it being thrown beyond the limits 
provided for it. 

The machine represented by figs. 21 and 22 is 
the largest size built, and is the one which is 
furnished for testing oil for railroads. 

Some slight modifications have since been 
made, as in the cone-pulley and in the substitu- 
tion of a large relieving nut under the head of 
the pendulum for the two cams used to remove 
the load in the smaller machine ; but in the main 
the description of the one will apply to the 
other. 

It will be seen that the friction is modified by 
all differences in the material of the journal and 
its bearings, as well as by pressure, speed of rub- 
bing, temperature and freedom and uniformity 
of lubrication, and we can therefore readily 
appreciate the necessity of testing the lubricant 
under the actual conditions proposed in its use. 

63. Earlier Researches. — Before giving 
these results, however, I will give those of some 
earlier investigations, in which the friction was 
not determined, but in which the value of the 
lubricant is assumed (improperly) to be deter- 
minable simply by observing its durability and 
its effect upon the thermometer. In making 
experiments of this kind, Bailey proposes that all 
should begin at the same standard temperature 
—say 6o° F. — and should terminate at the same 



1*6 

point, which he would make 200 . He enters 
the data, as obtained, on a record sheet thus 
arranged : 



Name of Oil. 



Price. 



Total Rev. 

tO. 200°F. 



Temp, of 
Atmosphere. 



Rev. per 
Degree. 



In a test to determine the gumming of oils, 
Wheeldon obtained the following table :* 

Resistance to Oxidation. — Wheeldon. 





Name. 


Price. 


Rev. 


Temperature. 


Elevation of 
Temp. 


Rev. pr. 
degree. 


ist day 1 ... 
2nd/iay'.. 


No. i Ox. 
<< 


5/6 


13.005 
11,787 


From8o Q t0 2oo Q 
" 78 "200 


iao* 
122 


108 
97 


istday*... 
2nd day 4 . . 


Sperm. 


9/0 


16,044 
13.104 


From 65 to 200 
" 62 " 200 


135 
138 


119 
95 


istday*... 
2nd day*.. 


Mineral. 
<< 


3/6 


11.831 



From 65 to 200 



135 



88 




1 First trial ; new oil. ■ No fresh oil added. • First trial ; new oil. * No 
fresh oil added . * First trial. * Second trial ; after standing 24 hours the bear. 
ings were found glued to the test journal, and the machine refused to start. 

The last of these trials could hardly, I think, 
have been made with the oil indicated by the 
name given. Mineral oils do not behave in that 
way. 



* Lecture by Mr. W. H. Bailey, Manchester, G. B. 
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Experiments made with the machine of Na- 
poli* are reported to have given the following 
figure : 

Name. Work in Time. Rise in Tern- Remarks, 

kilo's. peratitre. 

Animal Oil (?) 5i 2 °° 2 hrs - io° 

Duron " 2,700 2 " 7 

f Composed of 

Fntrine " 2 I« 2 « 17 J Mineral °' 2 5 

*- n S ine 2 » ! 33 2 13 iveg'bleo.35 

[ Fish 0.40 

Whale " 7,000 5 " 10 

Colza (impure) oil . 1,000 2 " o Oil carbonized. 

Coleman added caoutchouc to mineral oil to 
give it body, and tested it upon the leading 
wheels of a locomotive running between Edin- 
burgh and Glasgow, finding that the rise in tem- 
perature, which was 29 with rape, was 21 with 
his mixed oil. He also obtained similarly favor- 
able results on a 3-inch shaft, making 25,000 rev- 
olutions per hour under a load of a half ton. He 
found sperm to be the proper lubricant on 
spindles making from 2,000 to 10,000 revolutions 
per minute. 

Tests made for the United States Navy De- 
partment, on the machine built at the Brooklyn 
Navy Yard, were reported to Admiral Bell, 
October nth, 1866, by a board, consisting of 
Chief Engineer J. W. King and Assistant Engi- 
neers G. W. Stivers and A. Price. The machine 

-^— — — —^^— ■ 

* "Am Aftsan," March 15th, 1873, p. 167, 
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was similar in character to that of Ingham & 
Stapfer, having, however, much larger journals. 

These journals were g\ inches in diameter and 
14 inches long. 

The oils tested were supplied through an oil- 
cup in each journal-cap of standard navy size 
and form, and the amount so fed was adjusted 
until the journal-cap thermometer remained at a 
constant temperature of 116 Fahr., when sperm 
oil was used, the pressure being 9,400 pounds 
on each journal (72 pounds per square inch of 
longitudinal section of journal). This required 
a half-gallon of sperm in 25 hours. The same 
quantity of each oil was supplied, the pressure be- 
ing gradually increased until the thermometer 
was maintained constantly at 11 6°. The maxi- 
mum pressure thus sustained by each oil was 
considered to be a measure of its value. 

The following are some of the results thus 
obtained : 

Oil. 1 Pressure— » 

Total. Per sq. in. 

Winter Sperm 9>4<x> 72 

Summer " 11,164 86 

Winter Lard 8,000 62 

Paraffine* 7.276 55 

Petroleum* (light) 8,572 65 

" (dark oil)* 9i5QO 73 

Tallow oil 6,412 50 

Mineral and Fish Oil 6, 196 48 

*■ Composition uncertain. 
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Four years later, another board, consisting of 
Assistant Engineers J. H. Morrison and J. W. 
Hollihan, reported the following results, using 
same machine and a similar method : 



on. 



Sperm (natural) 

Olive 

Tallow 

Laid ...7.7."!". 




Temperature. 



Air. 


Oil 
thickens 


Refuses to 
flow. 


Solid. 


7 6° 


34° 


26 


16 


75 


5<> 


18 


6 


7i 


30 


24 


18 


75 


70 


60 


42 


8o 


44 


32 


22 



0.761 

°-933 
o-795 
0-993 
0.909 



Tests made on the machine of the Lake Shore 
and Michigan Southern Railway and reported 
to the Master Mechanics' Association are stated, 
however, to give the following results :* 

Fifty drops of each oil were used at one appli- 
cation, and the machine driven at a speed corres- 
ponding to 35 miles an hour, until the tempera- 
ture shown by the thermometer rose from 6o° 
to 200 F. The total number of revolutions was 
as follows : 

Endurance of Oils— L. S. & M. S. R. R. 
Castor 12,946 rev. i West Va 7,915 rev. 



Paraffine 11,685 

Mecca (black) ....... 9,982 

Neatsfoot 8,277 






Sperm 7,912 

Tallow 7.794 

Lard 7,377 



it 
t* 



These results have been criticised; but the 
railroad continued the use of the cheaper oils, 



* •• National Car-builder." 
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which may be taken as evidence that they are at 
least approximately correct. 

The most extended series of experiments of 
this character, and, ip some respects, the most 
valuable ever obtained in this way, are those for 
which we are indebted to Mr. A. H. Van Cleve.* 
The test journal was 7 inches long and 6 inches 
in diameter, running in brass bearings, and 
driven by a 5 horse-power engine. The pres- 
sure was applied by a system of scale-beams, and 
the speed determined by a counter. The tem- 
perature was kept at from 96 to ioo° F., and 
was shown by a thermometer inserted in the 
bearing. A record was kept of the pressure, the 
speed, the quantity of oil used and the power 
demanded to turn the shaft. In g, second series 
of tests, a journal was used 6 inches long and 2 J 
inches in diameter. 

The results indicated that, in general, winter 
sperm sustains high pressures best ; that the 
mineral oils used only kept the journal equally 
cool when from 2 to 5 times as much oil was 
used as of sperm. The pressure admissible 
varied inversely as the velocity of rubbing, and 
the consumption of oil varied in a similar ratio. 
These experiments occupied 14 months. The 
following table gives the principal facts : 

* " Scientific American," Dec. 9th, 1871. 
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Friction of 7" x 6* Journal.— Van Cleve. 



Oil. 



Winter Sperm, 



Yi Sperm — J4 Lard. 











Gills of 


H.P. 


Rev. 


Press. 


Temp. 


OilPr. 
Hr. 


3.84 


125 


* 7.000 


96 


0.68 


to 


to 


to 


to 


to 


3-55 


>3i 


7.500 


98* 


0.82 


2.4S 


129 


5,260 


97 


0.84 


3.61 


129 


5.600 


97 


0.86 


2-15 J 


132 


4.5oo J 


96 


0.76 



Rel. 

Value. 



1. 00 

to 

0.91 

0.69 

0.74 
0.60 



Car-Axle Bearing 6* x 2% '. 

W. Sperm | 3.18 | 251 1 7,000 | .95 | 0.25 | 0.91 



W. Sperm. 



■< 



Lard. 





Locomotive 


Axle. 








• • • • 


130 


7,000 


97 


0.40 


. • • • 




» • • 




100 


7,200 


94 


0.26 


• . . • 




> • • 




70 


8,000 


94 


0.18 


. . • • 




1 ■ • 




60 
130 


9,800 
7.500 


9 i 
98 


0.14 
0.36 


. . . • 
. . • » 




» • • 




100 


7.500 


96 


0.25 


. . • . 




» • • ( 




70 


8,000 


9* 


0.19 


• . . . 




► • • < 




60 


9.500 


9 o 


O.IO 


. . . . 




1 • • 




130 


4,000 


78 


0.31 


. . . . 




» • • 




100 


5,200 


75 


0.18 


. . . . 




» • • 




70 


5.500 


73 


0.12 


. . . • 



64. Thurston's Experiments and Re- 
searches. — The tests made in the Mechanical 
Laboratory ot the Stevens Institute of Tech- 
nology, and of which the results have been 
given, have been principally made on the smaller 
of the testing machines here described. 

They include tests of every kind ot lubri- 
cant known to the engineer or the mechanic, and 
of very many which are not familiar, as *vell as 
of many that will never be used for this purpose. 
The following extended table exhibits the 
results of tests of some of these unguents, in 
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making these tests, a cast-iron journal in fair con- 
dition* was used, the speed of rubbing was main- 
tained at 750 feet per minute, and the same quan- 
tity of oil (32 milligrammes) was used at each 
trial. 

The results of two series of tests are here, 
given. The rubbing surfaces were in fair con- 
dition, and it is uncertain how much gain would 
result from their further improvement — prob- 
ably not very much, however. 

65. — Coefficients of Friction on Cast-Iron Journals. — 

Thurston. 

Volocity, 750 feet per minute; Temperature, 70 F.; Feed Intermittent. 



Namk of Oil. 


Pounds Pressure per Square Inch. 


8 


. 16 


32 


48 


Group I. 


Avge. 


Min. 


Avge. 


Min. 


Avge. 


Min. 


Avge. 


Min. 


Natur'l Summer Sperm 
" Winter Sperm. 

Bleached " 

" Summer Whale 

Natural 

Winter " 

Bleached " 

Winter Lard Oil 

Extra Neats foot Oil. . 

Refined Seal Oil 

Bleached Winter Ele- 


.1720 
.2505 
.1920 
.1866 
.1986 

•3»9 6 
.1970 

.2386 

.2242 

.1840 

.1585 

.1928 


.1330 
.1500 

.1583 

•1333 
.1500 

.1833 

•1333 
.1666 

.1500 

.1500 

•1332 

•133? 


.1627 
.1410 
.1600 

.1383 
.1482 

.1902 

.1916 

•1575 
.1621 
.1460 
.1378 

.1650 


.1083 
.1000 

•1330 
.09166 

.0916 

•«s 

•1333 
.1166 

.1000 

.xooo 

.1083 
.1083 


.102 
.0958 
.1172 
.1109 
.1316 
.0925 
.1086 
.1405 
.1166 

•0935 
.1190 

.0862 


.0833 
.0875 
.0916 
.0874 
.1086 
.0750 
.1000 
.xooo 
.0916 

.0750 

.0916 

.0791 


.xi8o 
.0813 

.0951 

•"444 
.0993 
.1005 
1138 
.1166 
.0986 

.0766 


.1050 
.0750 

•0944 

•0777 
.072a 

.1000 

.0705 

.0750 

•1055 

.0844 

.0750 

ofkxx 







•The values quoted throughout these lectures, as well as by authorities gener- 
ally, are higher than are probably those to be met with in machinery after long 
use in careful hands. 



Coefficients ok Friction on Cast-Iron Journals— (Ceniinuta). 



Cotton Seed Salad 

Palm Oil 

K..p= Seed Oil.... 

iti»iiiii dii""" 

Peanut Oil 

Refined Collon Seed 

H.-Jn'cM.!: 

Cold Prosed Cutn 

iiwmifC" 

I-ifcraJoft'L-JOil.. 

imer'l t/u.l Oil.. 



(.III. . 



(,1-HT 
Minerjl Sijcn 
i>.,...l. «ti|. 

«u'n r 

Bleached Deed. Lubri- 

UnMeachedDcod.Lu- 

iSS:::::::: 

Crude Lubricating. . 



Bleached " 
Natural " Whal. 
I'.l'. I, t,l Winter Whalt 

Winter Lard 

Extra Neaafoot 

GaotiP II. 

Olive Oil 

Kelined Rauc Seed 

(Yellow) 

Winter Pressed Cotton 

Seed (White). . 

See.! ,«'■,!.,. 

Ciutir 111 
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Oils of the second series were a distinct lot, 
No certainty exists that these oils were all pure; 
but it is probable that they were. 

66. Method Illustrated. — To show how 
these figures were obtained, I will here give the 
results in detail and in the usual tabular form as 
given on trial of a good sample of winter- 
bleached sperm oil. It should be remembered, 
however, that precise agreement between two 
tests of even the same oil never can occur 
except by a rare accident, as the oil itself is 
never precisely alike throughout — sperm oil, 
for example, varying in quality with its purify 
and age, and with the age, sex, health and 
habits of the fish from which it was taken, &c, 
and the conditions of the journal and the other- 
circumstances aflecting the trial can rarely, if 
ever, be duplicated with absolute precision. 
These differences are not usually of practical 
importance, but the precaution is always taken 
to compare each oil tested with a standard pure 
sperm, carefully preserved, to be tested imme- 
diately before or immediately after the test of 
the oil to be examined. 



DETAILS OF TEST. 
Best K'lMfm Bunched Spehh Oil.— Thubetoh. 

Amount wed upon the journal......... ...... ...331 milligrammes. 

Speed of nibbug surface. ..............736ft. per unit 

Pressure per square inch.. »•■•■**>.. .Slbi, 

Total pteMure. ........,.,,,..... ....joIIh. 
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Second Trial. 

Amount used upon the journal.... ............ 
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Results of Trials of an Oil marked X and 
its Comparison with Standard Bleached 
Winter Sperm and Pure Lard Oils. 
In illustration of the method subsequently 
adopted in making a tolerably complete investi- 
gation, we have the following. 

These oils were tested on a " Lubricant Test- 
ing Machine" of the "77" style, by the method 
already described- 

The standard bleached winter sperm and a 
pure lard oil were tested with the X oil on the 
same bearing and under precisely similar condi- 
tions. 

The following are records of data obtained 
during these tests: 

* Bearing dry, and grinding at Ibe and of i«li mia. 1 Bearing dry, and oil 
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From the preceding logs of tests we deduce 
the following results and conclusions : 

Average Coefficients of Friction. 



Lab. 
No. 



90 

93 



Name of Oil. 



W. B. Sperm 

X 

Lard 



Pressure per Square Inch. 



100 



OO37 
.Ol68 
.0062 



50 



.0050 
.0206 
.OIOO 



Average. 



.OO435 

.0187 

.0081 



The relative values of these oils in reducing 
friction, taking sperm oil as a standard, and giv- 
ing it a value of 100, will be represented by the 
quotients obtained by dividing the coefficients 
for sperm by those for each of the other oils, 
and multiplying by 100. 

The following table gives these quotients : 

Relative Power op Reducing Friction. 



Name of Oil. 



Pressure per Square Inch. 



W. B. Sperm 

X 

Lard 



100 



50 



100 
22. 
59.6 



100 
24.2 
50. 



Average. 



ICO 
23.2 

537 



The speed was about 700 revolutions per 
minute (244.3 ft-)» giving a speed ot rubbing sur- 
face corresponding to about 35 miles per hour for 



ft 33-inch wheel in railroad service. Dividing 
the coefficients for the oils by the coefficient 
for sperm and multiplying by ioo, we obtain 
the following tabulated figures as the relative 
amount of power consumed in using the re- 
spective oils. 

Relative Power Consumed. 



Name of Oil. 



Pressure per Square Inch. 



xoo 



W. B. Sperm 

X 

Lard 



ioo 

481. 
167.6 



50 



Average. 



IOO 

412. 
20O 



IOO 

429.8 

186.2 



As regards friction, sperm excels, lard stands 
next, and X next, 

From the results of the tests of durability, we 
find the following : 

Durability, or Wearing Power. 

Revolutions. Ft. traveled. 

W. B. Sperm 27,870 9,726.6 

X (average) 26,380 9,206.6 

Lard , 24,500 8,550.5 

Taking bleached winter sperm oil as a stand- 
ard, and assuming its value to be 100, the values 
of the oils as regards durability will be repre- 
sented by iod times the quotient obtained by 
dividing the number of revolutions or feet trav- 
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elled of each oil by the runs for sperm. We 
thus obtain the following : 

Relative Durability. 

W. B. Sperm ioo. 

X 94.6 

Lard 87.9 

The figures in this last table are measures of 
the lengths of time that equal quantities of each 
oil would run, so that the greater the figures of 
this table the more valuable the oil. 

The value of an oil may be taken as greater 
in proportion as the figures in the above table 
are greater, and as the figures in the table head- 
ed " Relative Power of Reducing Friction" are 
greater, so that combining the results given in 
both tables, the relative values of the oils, sperm 
oil being the standard and taken at ioo, may be 
represented by one one-hundredth the product 
obtained by multiplying the figures in the last 
column of the table headed " Relative Durabil- 
ity" by those in the last column of the table, 
headed " Relative Power of Reducing Friction." 
The following are therefore the 

Relative Values of the Oils. 

W. B. Sperm 100 

X 21.9 

Lard.... ; 47.2 

Second Test. 
A second test consisted in cutting a square 
hole in the lower box and packing it with waste 
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saturated with the oil to be tested. The oil to 
be tested was spread on the journal and a 
pressure of ioo lbs. per square inch was applied; 
the machine was then started and allowed to run 
until the friction had increased to double the 
least amount shown at any time during the test. 
Both the X and the lard oils were tested by this 
method. In each case 743 milligrammes weight 
of waste was used as packing. The waste was in 
each case thoroughly saturated with the oil and 
weighed before and after the test. In the case 
of X, tha waste, absorbed 4.806 grs. and con- 
tained 2.229 S TS - a * the end of the test, so that the 
oil consumed was 2.577 g rs « Tn ^ e case °f ^ e 
lard, 4 grs. were also absorbed by the waste ; 
7.265 grs. remained ; so that the useful consump- 
tion was 2.735 grs. X ran 266,226 ft. = 54.2 miles 
per gramme consumed, with an average co- 
efficient of friction of .0318, and lard oil ran 
182,528.7 ft. = 34.5 miles per gramme consumed, 
with an average coefficient of friction of .0244, 
the former excelling the latter about sixty per 
cent. 



Third Test. 

A third test was made upon the " R. R. Stand- 
ard Machine," and the following are the co- 
efficients of friction obtained : 



m 



Average Coefficients of Friction. 



Name of Oil. 



\V. B. Sperm 

X 

Lard 



Pressure per Square Inch and Total. 



150 lbs. 
3639 total. 



.008 
.024 
.009 



300 lbs. 
5350 total. 



.OO46 

.015 

.OO59 



Average. 



.0063 
.0195 
.OO75 



67. Friction with Varying Pressure. On 
examination of the tables given in article 64, we 
are at once impressed with the immense differ- 
ence which occurs with variation of pressure. 
It is seen that, at a pressure of 48 pounds per 
square inch, the values are not far from those 
quoted by accepted authorities, but at the lower 
pressures, where the resistance is more due to 
viscosity than to true friction, the value of the 
coefficient of friction immensely exceeds those 
familiar values. 

It is instructive to compare these figures with 
those obtained at high pressures, with which ob- 
ject I give the table below. 

Tested on a fine steel journal, with free lubrica- 
tion, the figures become but a fraction of those 
already given. 

Sperm, lard and West Virginaoil, thus tested, 
give : 
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Coefficient of Friction on Fine Steel Journals. — Thurston 



Name, 


Pressure : Pounds per Square Inch. 


4 

O.I2 


10. 


25. 


IS©. 


200. 


250. 


*75- 


300. 


500. 




O.08 


O.O4I 
O.O56 


O.OO9O 
O.OI36 
O.OI20 


0.0096 O-O086 


0.0091 
0.0090 

O.OIOO 


0.0046 
0.0059 


0.0033 
0.0044 


Lard 


O.OI27 
O.OO95 


o.oxxo 
0.0081 









Here it is seen that the figures are as widely 
different from accepted values at high pressures 
as at low ; but that the difference is upon the 
other side. At those pressures, therefore, which 
are most used in machinery, the resistance ot 
friction is vastly less than we have been led to 
suppose. The fact that the journals were of 
steel instead of iron does not modify our con- 
clusion. Steel, cast-iron and wrought-iron all 
give very nearly the same figures up to their 
limits of pressure. 

The next table exhibits the results of experi- 
ment up to still higher pressures, and with 
other journals and bearings, 
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Studying this table, we see that the coefficient 
rapidly diminishes with increase of pressure 
until a pressure of over 500 pounds per square 
inch is attained ; the coefficient, after passing a 
pressure of probably 600 to 800 pounds per 
square inch, increases, and at i,oco pounds 
becomes about equal to that obtained at 100 
pounds. It will be remembered that 500 or 600 
pounds pressure is usually considered to be a 
limit not to be exceeded in general practice in 
machine construction. 

Nevertheless, it is not uncommon to find as 
high pressures as 1,000 or even 1,200 pounds in 
the crank-pins of steam-engines. In such cases, 
however, the pins are almost invariably of steel, 
and the journals of good bronze— conditions 
which are less seldom met with elsewhere. 
There is also, in this case, as wherever a " recip- 
rocating force" acts to move a piece, a condition 
which permits higher pressures to be success- 
fully worked than can be reached elsewhere ; 
the alternate application and relief of pressure 
occurring between journal and bearing at each 
change of direction of the driving force causes 
a release at such times which permits the oil to 
find its way between the rubbing surfaces, and 
its expulsion is not then fully effected before the 
succeeding relief of pressure again permits its 
renewal. A somewhat similar action is conse* 
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quent upon the rise and fall of a locomotive or 
of a railroad car on its springs as it rapidly trav- 
erses even a smooth track. 

Where, as in our testing-macnine, under a fly 
wheel-shift, or in other machinery, this relief can- 
not take place, the limit of pressure is earlier met. 

Referring again to the last table, it is seen that 
between ioo and 750 pounds the value of the 
coefficient may be obtained approximately by 
the expression 

/- — 

in which a is a constant quantity and P is the 
pressure in pounds per square inch ; for sperm 
oil #=o.o8o ; for the best crude heavy mineral 
oil #=0.150, and for lard oil # =0.1 25* It will 
presently be seen that the law is modified by 
temperature and speed. 

68. The following data were given by trials 
of two excellent kinds of grease, and of sperm oil, 
compared with them as standard. 

COEEFICIENTS OF FRICTION OF GREASES. — THURSTON. 
Steel Journals; Bronze Bearings. Velocity, 300 ft. 



Lubricant. 


Pressure — Lbs. persq. inch. 


Av. 




100. 


200. 


300. 


400. 


500. 






0.0141 
0.0249 
0.0188 


0.0063 
0.0146 
0.0198 


0.0049 
0.0125 
0.0160 


0.0043 
0.0105 
0.0146 


0.0039 

0.114 

0.0175 


0.006 




0.014' 
0.017 


No. 2 





• These facts and deductions were published originally iq a paper prepared in 
the spring of the year 1878, and read at the St. Louis meeting of the American 
Association for the Advancement of Science. 
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Their relative average values in reducing fric- 
tion stand, therefore : sperm, ioo; No. 1, 448; 
No. 2, 377, which figures would also represent 
their relative money values if estimated on that 
basis simply. 

The method of variation with pressure already 
noted, is here again illustrated, although the 
mathematical expression has a different sort of 
constants, and the variation at this speed is 
more nearly as the inverse ratio of the cube root 
of the pressure. 

69. Friction of Quiescence. — In the table 
last given is presented a set of figures which are 
both new and important. In the columns headed 
"At 150 feet per minute" are given the co- 
efficient of friction at the several pressures as 
given when the rubbing surfaces are in motion 
at that relative velocity. 

These are the common and most usually 
required figures. We have given in the other 
columns, however, values which are seen at a 
glance to be immensely greater, and of which 
the values vary by an entirely diffierent law. 

The first set " at starting," are the well-under- 
stood coefficients of friction of rest, varying with 
the pressure and with the nature of the unguent 
from 0.07 to 0.18. These values have, I think, 
never been determined before in this way, and 
possess great importance not simply intrinsi- 
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cally, but also as throwing some light upon the 
effect of motion upon the efficacy of lubrication. 
It is seen that they increase with the pres- 
sure, instead of diminishing as do the coeffi- 
cients of friction of motion, and that at the 
highest pressures their values become from ten 
to forty times the corresponding values of the 
latter. 

It is thus seen that in the effort required to 
move heavy machinery, vastly greater torcc is 
demanded to overcome triction at the instant of 
starting than after motion has once commenced. 
1 presume that every experienced engineer or 
mechanic has known instances in which this 
difference has been so marked as to cause great 
difficulty in starting a machine, which, once in 
motion, moved with comparative case. 

The method of variation of the coefficient for 
rest is seen, by reference to the table, to be such 
that their numerical values may be approxi- 
mately estimated for the cases here considered 
by the formula 

/ ' = JVpT 

in which #'=0.02 for sperm and heavy mineral 
oil, and a'~ 0.015 for lard oil.* 

The figures in the columns headed " At instant 
of stopping" were given while the machine was 

* See paper bjr the author, in " Proceedings of American Association for Ad- 
vancement of Science/' St. Louis meeting, 1873. 
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rapidly coming to a stop, after the driving-belt 
had been shifted to the loose pulley. They are, 
as would be expected, intermediate in value 
between the other figures, and have apparently 
no practical importance. They may be taken 
as constant at all pressures. 

Even these figures are probably higher than 
those sometimes reached with old journals 
which have been kept in good order many 
months or years, and which have worn to that 
remarkable mirro*-like smoothness which is 
familiar to every experienced mechanic. We have 
obtained on the " railroad machine" values for 
sperm, and even lard, as low as one-fourth ot 
one per cent., at pressures of less than 500 pounds 
per square inch, while cylinder lubricants, ap- 
plied to bearings heated to the temperature of 
steam at 100 pounds pressure, have given coeffi- 
cients as low as one-ninth of one per cent. 

70. Friction with Varying Velocity. — It 
is only recently that it has been found that a 
serious modification of the value of the coeffi- 
cient of friction may sometimes be produced by 
change of velocity. Experiments made by 
late investigators have shown that, for very low 
velocities, in the cases studied, the frictional re- 
sistance to sliding is comparatively small, that it 
gradually and somewhat rapidly increases to a 
maximum as the velocity of sliding augments, 
and then, at higher velocities diminishes again, 
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approximating apparently to a constant minimum 
value.* 

In the year 1858, Mon. H. Bochet presented a 
paper to the French Academy of Sciences t on 
this subject, in which he states that he had found 
the coefficient of friction between surfaces of 
iron to be variable, diminishing as velocity in- 
creased. 

M. Bochet proposed what was equivalent to 
the following formula : 

f _ a -\- b c v 

in which/ is the coefficient of friction, and a f b 
and c are constants ; v is the velocity of sliding 
in meters (or the velocity in feet divided by 3.28) 
per second. The value of these constants were 
(no lubrication) : 

a — 0.3 to 0.2 for dry and 0.14 for moist surfaces. 
b — 0.03 for wheels and o 07 for skids on rails. 
c — undetermined, but taken as negligable. 

Prof. Kimball, in 1 876,* determined the follow- 
ing table of coefficients for pine sliding on pine, 
and deduced the conclusions : 

(1.) At a given inclination, the friction de- 
creases with increasing velocity, at first rapidly, 
then more slowly. 

* Professor A. S. Kimball was the first to exhibit those facts with satisfactory 
completeness. Play fair had previously questioned the generally accepted theory. 
t See "Compte's Rendus," April 26, 1858. X "American Journal of Science," 1876. 



y 



182 

(2.) At the same velocity the friction is great- 
er the greater the angle of the sliding plane. 

(3.) The value of the coefficient tends to be- 
come constant. 

(4.) The value of this constant seemed to be 
the same for all experiments. 

Coefficients of Friction. — Pine on Pine.— Kimball. 

Pressure, 1% pounds per square inch. 



Veloc. Ft 
per Sec. 


Values of Coefficient. 




1 


2 


3 


4 


4 


O.260 


O.273 






10 


0.252 


O.261 


O.27O 


0.280 


20 


O.243 


O.248 


O.254 


0.260 


30 


O.237 


O.242 


O.256 


0.250 


40 


O.233 


O.236 


O.24O 


0.242 


50 


O.230 


O.232 


0.235 


0.236 


60 


O.228 


O.230 


0.231 


0.232 


80 


O.224 


O.226 


0.226 


0.225 


100 


0.222 


O.223 


0.221 


0.222 


120 


• • 


O 220 


0.217 


• • 



At pressures double and five times the above, 
the law still held. 

Later experiments* gave the following: 

. Pine on Pine. Pressure, 4 lbs. per inch. 



Velocity 
inches per mini 

5 
11 

75 
100 



Coefficient 
of Friction. 

O.I9 
0.2I 
O.24 
O.25 



* " American Journal of Science," 1876. 
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Leather on Pine. Pressure, 4 lbs. per square inch. 

Velocity Coefficient 

inches per min. of Friction* 

O.70 0.22 

I.58 O.27 

3 94 0.33 

9.98 o 36 

29.14 0.38 

72 5° 0.41 

157.50 043 

226.80 0.45 

300.00 0.46 

466.00 0.475 

Leather Belts on Cast Iron Pulleys. — Kimball. 

V. in inches T, T x 

per minute. lbs. lbs. C 

O.37 30 13 O.4I 

0.52 30 \2y 2 o 44 

I.I 30 l\y 2 0.48 

2.3 30 \oy 2 0.53 

4 4 3° 9 l A 0.58 

15.4 30 6y 2 0.78 

54.1 30 s l A 0.86 

80.3 30 4^ 0.96 

228.8 30 4X 15° 

Same — Repeated at Higher Speeds. 

18 .. 0.82 

92 0.93 

660 .. 1. 00 

1 100 0.96 

1980 0.82 

2669 o . 69 

The values of C are relative, and are not the 
absolute values of the coefficients of friction. 
With a wrought-iron shaft turning in cast-iron 
bearings, well oiled, and a load of 66| lbs. per 
square inch, at velocities of rubbing of 72, 272, 
605, and 1,320 inches per minutes, the frictional 
resistance varied as 1, 0.60, 0.40 and 0.29 ; at the 
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very low speeds of 0.007, 0.027, 0.060 and 0.132 
inches per minute the relative resistances were 
as 0.37, 0.51, 0.73 and 1.00. 

Professors Jenkins and E wing,* experimenting 
at still lower velocities — 0.0002 to 0.01 foot per 
second— with various metals and without lubri- 
cation, found a similar law to prevail. 

Lubricated surf aces did not exhibit such a va- 
riation. 

These experimenters suggest a probability that 
there exists a continuity of values between the 
gradually varying coefficients for decreasing 
velocities and those obtained for statical friction. 

Still later experiments, reported by Kimball,f 
on journals running with lubrication under pres- 
sure of 1 5 to 25 pounds per square inch, gave the 
following : 

Velocity in Ft. per min.... I 3 5 7 10 15 

Coefficients 0.150 0.122 0.114 0.093 0.079 ° °°^ 

Velocity in Ft. per min 20 30 40 60 80 100 

Coefficients 0.058 0.054 0.053 0.052 0.051 0.050 

* " Proceedings of Royal Society," 1876. 

t " American Journal of Science," March, 1878, p. 194. 
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Professor Kimball* gives the following table, 
showing a slight diminution of the coefficient 
of friction with an increase of speed within a 
very low and limited range : 

Coefficient ok Friction.— Kimball. 

Lbs. per sq. in. /"at Vcloc. of 0.59 ft. pr. min. f at Veloc. of a. 17 ft. per min. 

23.5 0.154 0.159 OI 3 6 0.130 

O.I47 O.II9 O.I24 

o 150 o.iii 0.127 

0.147 0.1 13 0.124 

0.145 0.111 0.125 

Friction with Varying Velocity — Thurs- 
ton. — Referring to the table on page 185, in 
which the effects of varying velocities, as well as 
of coincident variation of pressure and of tem- 
perature, are exhibited as given by experiment 
in the Mechanical Laboratory of the Stevens In- 
stitute of Technology, it is readily seen that the 
change in value of the coefficient of friction 
with change of velocity is not great for machin- 
ery in which that velocity remains within usual 
limits, and at the usual temperature of a cool 
and properly working journal. The effect of 
change of velocity varies, as is here shown, with 
change of temperature and of pressure. 

For cool journals in good condition, lubricated 
with good sperm oil, and between the limits of 
100 and 1,200 feet per minute, these values may 

* •* American Journal of Science," March, 1878. 
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be taken as varying approximately as the fifth 
root of the speed of rubbing, i. e. : 

f-*VK 

At a constant pressure of, say, 200 pounds, we 
may call a = 0.00 1 5. 

72. Friction with Pressure and Velocity 
Varying Simultaneously. — We may now 
readily construct an equation which shall give 
values of the coefficient of friction for good 
Journals, lubricated with sperm oil and for all 
ordinary variations, both of pressure and velo- 
city; since 

/oo y Fand/oo — . — we have 

in which we may take # = 0.02 to 0.03 for gen- 
eral use.* 

The value of a for other conditions and with 
other materials may be determined by a com- 
parison by means of the testing-machine of those 
materials under the assumed conditions with the 
results obtained with the standard oil, under 
standard conditions as here given. 

73. Friction with Varying Pressures, 
Speeds and Temperatures. — We have here 
some exceedingly interesting data. The following 

* Vide Paper by the author, " On Friction Measurement," etc., " Proc. Am. 
Assoc- for Advancement of Science," 1878. 
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were obtained by heating the bearing by its own 
friction to a maximum 170 Fahr. well within 
that liable to produce alterations of the oil, and 
noting the friction at successives temperatures 
while cooling. It should be remembered that 
no temperature readings can be taken as more 
than approximate. 

Friction and Temperature.— Thurston. 

Steel Journals, Lubricant, Sperm Oil. Velocity, 30 feet per minute. 

Pressure lbs. Temperature, Coefficient 

per square in. Fahr. of Friction :/. 

200 150 O.050O 

200 I40 O.O250 

200 130 O.Ol6o 

200 120 O.OIIO 

20b I IO O.OIOO 

200 IOO °-0075 

200 95 O.OO60 

200 90 O.OO56 

150 no 0.0035 

100 no 0.0025 

50 no 0.0035 

4 no 0.0500 

200 90 0.0040 

150 90 0.0025 

100 90 0.0025 

50 90 0.0035 

4 90 0.0400 

The figures just given would indicate that the 
sperm oil used in this instance and under these 
conditions, including that of exceptionally low 
speed, works best at lowest temperatures, and 
that a heating journal gives rapidly increasing 
friction and rapidly increasing danger. At usual 
temperatures — 90 to no° F. — the best pressure 
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seems to have been from ioo to 150 pounds on 
the square inch. 

It would, however, be wrong to predicate 
general conclusions on such limited data, and the 
study of the last table is exceedingly interesting 
and instructive. 

There are there given coefficients of friction 
for temperatures from 90 F. to 1 50 , for pres- 
sures up to 200 pounds per square inch, and 
for velocities ot rubbing up to 1,200 feet per 
minute. This table is, in fact, a compendium 
of data for all ordinary conditions of the working 
of light and of moderately heavy machinery. 

We find here some exceedingly valuable and 
very curious facts bearing directly upon our 
everyday work. 

We have seen that at the low speed of thirty 
feet per minute, the coefficient increases xapidly 
with increase of temperature, and that, at 200 
pounds pressure, an increase of 50 F. may in- 
crease its value to nearly ten times the mini- 
mum, the rate of increase rapidly rising as 
pressures are greater. 

We now find,* at speeds of 100 feet per min 
ute, that the friction does not vary between 90 
and 1 50°, at pressures below 50 pounds per 

* These qualifying conditions were first stated in a paper by the author, read 
before the Amer. Inst. Mining Engineers, Oct., 1878. See *'Proc. A. I. M. £/' 
and "Jour. Franklin Inst./' November, 1878. 
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square inch ; but that it rises nearly 300 per cent, 
at a pressure cf 200 pounds, over 100 per cent, at 
150 pounds, and 33 per cent, at 100. 

At speeds exceeding 100 feet per minute, heat- 
ing the journal within this range of temperature 
decreases the resistance due to friction, rapidly 
at first ; then slowly and gradually a tempera- 
ture is approached at which increase takes place 
and progresses at a rapidly accelerating rate, 1 1 
is seen that this change of law takes place at a 
temperature of 120 F. and upward ; at all higher 
speeds the decrease continues until temperatures 
are attained exceeding those usually permitted 
in machinery and very commonly not far from 
I50°F., and sometimes up to 180? F. or probably 
even higher. I have found the decrease at 1,200 
feet per minute to continue up to 175 F., at 
which the value, at 200 pounds pressure, was, in 
the cases determined, 0.0050. The limit of de- 
crease is reached under 100 pounds pressure, at 
150 F,, when running at this high speed. 

At 200 pounds pressure, the temperature of 
minimum friction for conditions here illustrated 
seems to be, in Fahrenheit degrees, about 

t— isV'VT 

On either side this point on the thermometric 
scale it may be assumed, for a narrow range, to 
yary as the temperature departs from that 
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point, directly or inversely, as the case may be, 
as the temperature. The fact is, however, that 
this coefficient of minimum friction is found 
usually over quite a wide range of temperature. 

Again, studying in this most instructive of 
our tables, the method of variation with pres- 
sure at higher temperatures, we find the effect 
of change of pressure to be much more 
marked at the higher temperatures at low 
speeds, and, singularly enough, we note, as when 
studying the effect of variations of friction with 
ehange of temperature at a standard pressure 
as affected by variation of speed, we here 
find a change of law for the higher speeds. 

At a velocity of 1,200 feet per minute, the 
coefficient remains practically uniform with 
varying pressure at 150 F., while below that 
temperature the friction coefficient diminishes 
with increasing pressure. At velocities of rub- 
bing of 250 to 500 feet per minute, the tem- 
perature of the constant coefficient is about ioo° 
at 100 feet this peculiar condition is seen at 
about 120 , when extreme pressures (4 pounds 
and 200) are compared, but the value is seen to 
be a little over one-half as mnch at 50 and 150 
pounds, and to become a mimimum — 0.0019 — 
at 100 pounds pressure ; a similar behavior is 
noted at the lowest speed observed — 30 feet — 



at about 125 F., and the same fall, to 2L minimum 
at the intermediate pressure. 

It would seem that at all times there is a ten- 
dency to an acceleration of outflow from the jour- 
nal, with increasing of fluidity due to increasing 
temperature, which tends to cause an increase 
of friction, while the effort of capillarity to 
resist this outflow seems effectively aided by 
increasing the velocity of rubbing. 

A balance between these opposite influences is 
seen to take place at the slowest speed when the 
pressure is somewhere below 4 pounds per 
square inch ; this occurs at a speed of 100 feet 
per minute at a pressure of 50 pounds, at 250 
feet, when the pressure becomes about 150 
pounds probably ; it happens at a speed of 500 
at somewhere about the same point, and at 1,200 
feet per minute the benefit of increased speed is 
sufficient to produce this balance when the pres- 
sure exceeds 200 pounds per square inch. 

These data would seem to give very useful 
information relative to the method of action of 
lubricating materials. 

Finally — it has now become evident that such 
a series of comparisons as I have here made 
are needed in every case in which the real value 
and the extent and the conditions of applica- 
tion of any single oil or other unguent are to 
be learned. Such a systematic examination 
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reveals precisely the conditions which the lubri- 
cant best meets, and tells with certainty at what 
pressure and at what speed it does its best work. 

Conversely, the speed, the pressure, and 
other conditions of working being known, 
a reference to a set of such determinations for 
various lubricants being made, it is easy to ascer- 
tain at once which is best adapted to the work 
in view. 

Thus, having had occasion to determine the 
value of the friction coefficient of a material hav- 
ing a very high reputation as a " cylinder oil " — 
z>. an oil for use in the cylinders of steam engines 
— it was found that its distinguishing peculiar- 
ity, as compared with oils nol specially adapted 
for such purpose, was a continually diminishing 
coefficient quite up to the limits of tempera- 
ture of locomotive steam pressure. 

Any new lubricant should always have its true 
value and best adaptations thus determined. I 
have presented the figures for a fine steel journal 
running in good bronze bearings, and lubricated 
with sperm oil, not simply as an illustration, but 
principally as representative of the best set of 
conditions for use as a standard in making com- 
parisons of other unguents of less value or less 
known, or under less favorable conditions. 

74. Endurance or Wearing Power of 
Lubricants. — The difficulties to be encountered 
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in attempts to determine, with even approximate 
accuracy, the wearing power of lubricating 
materials have already been referred to; but 
only experience can enable any one to fully real- 
ize the patience and care demanded in the effort 
to secure reliable data. 

The obstacles which are to be met with in 
the attempt to make practically useful appli- 
cation of the facts acquired are hardly less 
serious and will be stated in detail after describ- 
ing the results of experiments which have already 
been made. These researches have been con- 
tinued, and it is hoped that other and yet more 
valuable results may hereafter be obtained. 

Testing a large number of the oils* of com- 
merce lor durability on a cast-iron journal, we at 
one time used 32 milligrammes at each applica- 
tion and noted the time required to run the journal 
dry, with this result : 

Oils of Commerce, Average Endurance.— Thurston. 



Pressure per 


Running Time. 


Rise of 
Temp, b. 


Ave. co- 
efficient/*. 


Heat co- 
efficient 


square inch. 


Ave. a. 


Min. 


Max. 


xoo_£_ = G 
b 


8 lbs. 

16 " 

32 " 
48 " 


82 

29 

10 

8 


17 

9 

2 

1 


4" 
97 
19 
13 


167 F. 
212 
228 
228 


0.20 
0.16 
0.12 

O.IO 


50. 

*4- 
5- 

4- 



The " heat coefficient " is a valuable datum, 
as exhibiting the relative increase of tempera- 

* This collection included many oils of little value as lubricants. 
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ture per minute during the trial, Its value is 
sometimes — wrongly, although in some cases 
nearly correct — taken as a measure of endurance. 
Several well-known oils ran thus— the speed 
being 750 ft. per minute. 

Endurance, Etc., of Lubricants on Cast-Iron.*— Thurston. 



Name. 

Summer Sperm 

«« «« 

M M 

Lard '.".!". 

•« 

«* 

ouve'.V/.V.V.V.'.'!!!*. 

«« 

«• 

Cotton Seed 

«< «« 

.... ... 

«« ** 
Cod '.I'.'.WY. 

.« 
Crude mineral (1). . . . 



Lbs. 


Running 
Time. 


Rise of Tern. 


Co-eff./. 


8 


in min. 


230* F. 


0.13 


16 


29 


225 


O.IO 


48 


9 


'95 


0.08 


8 


165 


270 


0.13 


16 


33 


215 


O.II 


48 


7 


265 


O.IO 


8 


83 


170 


0.13 


16 


4i 


245 


0. 10 


48 


14 


240 


0.06 


8 


107 


185 


0. 16 


16 


45 


275 


0.12 


48 


12 


310 


0.07 


8 


40 


200 


0. 15 


16 


14 


175 


0.12 


48 


9 


220 


0.07 


8 


129 


105 


O.IO 


16 


97 


285 


0. 10 


48 


5 


270 


O.IO 



Heat co-eff. c. 



48.2 
12.8 

4 
61 



.6 
.x 



3 
.6 



15 
2. 

48.8 
16.7 
5.8 
57.8 
16.3 

3-9 
20.0 

8.0 
4-i 

Z22.0 

34-0 

1.8 



Comparing a mixture of plumbago and grease 
with sperm oil, the former was found to have a 
lower coefficient, to heat up less rapidly and to 
endure several times as long. It was also indi- 
cated that plumbago in very fine flakes was 
better than in an impalpable powder— a result 
which was to me quite unexpected.! 

Testing for durability, on a small steel journal, 
sperm and lard oils gave these results : 



• See •• Polytechnic Review," March 3, 1877. 

f See " American Machinist/* November, 1873, p. 3. 
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Endurance of 

Durability 


Sperm and Lard Oils. — Thurston. 

of one 8-milligramme drop : Feet Run. 


Pressure per sq. inch. 


100 


200 


250 


275 




7204 
6797 


7685 
7i39 


767S " 
7090 


752i 
7008 







Others of the commercial oils found in the mar- 
ket and largely purchased by consumers, who 
have no means of testing them, endure but for a 
very small fraction of the time and the distance 
traveled with sperm and lard, and I have never 
yet found an oil which equals sperm in this 
quality. 

The "Railroad Machine*' has given the follow- 
ing for sperm and lard oils, using a much larger 
quantity, 

300 lbs. 500 lbs. 

Sperm, raw, (ft.) 19,800 13,500 

Lard, " « 10,557 7>5*5 

The coefficients being, 

Sperm, 0.0046 0.0033 

Lard, 0.0059 0.0044 

The journal was in this case of very soft steel, 
3} inches in diameter and seven inches long, and 
was driven at a speed corresponding to 30 miles 
an hour on the track. 

In the attempt to make use of such determin- 
ations of the endurance of lubricants in daily 
practice, the investigators meet with a serious 
difficulty which has no relation to the character 
of the material used. It is an important fact, 
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and one which should be constantly borne in 
mind, that the maximum wearing power of a lu- 
bricant, as we have here defined and determined 
it, has no necessarily definite relation to the 
quantity which will be actually used, or even 
required, when working under other conditions. 

Usually the same amount will be used, whether 
it be of great or of little wearing power, the 
amount being usually determined by the method 
of feeding more than by its intrinsic character. 
Other things being equal, the more viscous will 
feed more slowly, and will, therefore, be appar- 
ently of higher wearing power than the more 
fluid lubricant ; a grease will last longer than an 
oil; the method of applying the lubricant to 
the journal will determine whether it is eco- 
nomically or wastefully used. These last are 
vastly more important facts than they are gener- 
ally supposed to be ; regular trains on railroads 
have been known to use nine times as mudi* 
grease as an experimental train on which the 
most rigid economy was exercised. 

It thus becomes evident that the proper 
method of procedure is to first determine 
the value of the lubricant by a series of 
careful tests at the pressures, velocities and 
temperatures, and with the kind of rubbing sur- 
faces proposed to be used, then to find and 

* " Railroad Gazette," Sept. ao. 1878. 
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adopt that method of feeding which will insure 
maximum economy. As a rule, however, deter- 
minations of endurance are of comparatively 
little value in every day practice, because their 
use is rarely, and seldom can be, regulated by 
their endurance ; the same amount would gener- 
ally be used and the same quantity waited, 
whether the wearing quality be high or low. 
The real value of a lubricant is, therefore, gen- 
erally measured by its power of reducing friction, 
as I have already remarked. 

The following are the details of a trial 
reported at the Brooklyn Navy Yard, in which 
the less certain but less troublesome method was 
adopted : 

The oil was measured by dropping. The sam e 

quantity, five (5) drops, was used in all the tests. 

When a seeming discrepancy appeared, or doubt 

arose regarding any result, the experiment was 

repeated until satisfaction was obtained. 

The driving power came from the Navy Yard 
engine, and the speed of the testing machine va- 
ried with the work done by the engine. Owing to 
this cause it was not claimed that the results 
were absolutely correct. The average speed was, 
however, taken, which so nearly approximates 
uniformity, that the data may be considered 
correct for all practical purposes of comparison. 
Two series of tests were made, one of three (3) 
minutes runs, and another of (1) minute each. 
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Columns b and e give the increase of heat in 
degrees (Fahrenheit) of the journal, starting from 
a nearly constant temperature of 78 or 8o°. The 
unit of comparison is the number of revolutions 
obtained for each degree of increase in temper- 
ature, and is obtained in the minute runs, by 
dividing column a by column b which gives the 

coefficient column c ( — ,— c j and in three (3) 

minutes runs by dividing column d by e, giving 

the coefficient in column/ ( — =/ J 

Columns h and Ji compare the efficiency on 
the basis of sperm being 100. 

It need hardly be repeated here that the ratio 
of heat developed to revolutions made or dis- 
tance traversed has no necessary and definite re- 
lation to the real power of endurance of the oil. 

75. Commercial Value of Lubricants. 
The real value of a lubricant to the user is a 
somewhat difficult quantity to determine, since 
it really depends, not upon the relative friction- 
reducing power and endurance, as usually- 
assumed, but upon the value of the power saved 
by its use. This value varies in every case, and 
is affected by every variation of working con- 
ditions. 

The market value is determined, as in all com- 
mercial operations, by that law of supply and 
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demand which, usually, if sufficient time is 
allowed for its operation, brings prices into a 
correct relative order, but not necessarily into a 
true proportion of values. It is generally the 
fact that " the best is the cheapest" to the con- 
sul ler, and this rule is probably almost always 
applicable in the purchase and use of lubricants. 
It is frequently the fact that the consumer can 
better afford to use the highest priced article 
than to take those of lower value as a gift. 

An approximate value by which to compare 
the oils, can be calculated, based on the assump- 
tion that they will have a money-value propor- 
tionate to their durability and to the inverse ratio 
of the value of the coefficient of friction. Thus : 
suppose two oils to run, one 10 minutes and the 
other 5, under a pressure of one hundred pounds 
per square inch, and both at the same speed, 
and suppose them to give on test for friction the 
coefficients o.io and 0.06 respectively. 

Their relative values might be taken at|$= 1 
and £^=0.833. If the first is worth one dollar, 
the second should be worth 83^ cents. 

In many cases, however, about the same 
quantity would be applied by the oiler whatever 
oil might be used, and their values to the con- 
sumer would be in the inverse proportion of the 
values of their coefficients of friction, /. e.> as 6 
in the above case is to ten, thus making the 
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value of the second $1.66}, and showing that it 
would be better to use the latter at anything less 
than this price than the first at one dollar. 

I have been accustomed to use these methods 
of comparison in reporting upon the values of 
lubricants sent in for test simply because they 
are generally considered to be correct by 
dealers and users, and because there has been 
no better method suggested of assigning an 
approximate figure for market price. 

The real difference in values of any lubricants 
to any user may, nevertheless, be determined in 
any given case when the cost of power is exactly 
known and when the quantity of the several 
unguents required to do the same work has 
been found, and their several coefficients of fric- 
tion given. 

The difference in actual value to the user 
where any two unguents are compared is meas- 
ured by the cost of the difference in the amount 
of power expended in driving the machinery, 
when lubricated first with the one and then with 
the other of the two materials. 

As power is usually much more expensive 
when developed in small than when demanded 
in large amounts, the economy to be secured by 
adopting a good lubricant is the greater as the 
magnitude of the work is less. In large mills 
and wherever work is done on a very large 
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scale, the cost per horse-power and per annum 
may be taken roughly at about $50 a year, while 
for small powers this figure is doubled pr even 
trebled and quadrupled. 

Every reduction of power to the extent of one 
horse-power by the introduction of an improved 
material or system of lubrication thus effects a 
saving of $50 a year and upward ; the difference 
between this amount and the extra cost of the 
new kind of lubricant represents the annual 
profit made by the change. 

Should it happen, as is sometimes the fact, 
that the better unguent is also the cheaper, an 
additional profit is made which is measured by 
that saving in cost. 

In an ordinary small mill or in a machine-shop 
in which one hundred horse-power is used, a 
change in lubricant will often effect an average 
saving of five horse-power, and a consequent 
economy of, probably, $500 a year. The total 
amount of oil used in such a case might exceed 
100 gallons, but may sometimes be as little as 40 
gallons. 

The consumer could, in such a case, better afford to 
pay $5, or perhaps even $1 2.5o per gallon for the good 
oil than accept the less valuable lubricant as a gift. 

Mr. J. E. Denton has taken the trouble to 
apply these principles to a common case in rail- 
road economy, thus: 
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Let Q equal quantity used of one lubricant, in 

gallons ; 

Q " quantity used of another lubri« 

cant, in gallons ; 

/ ts actual cost of the one oil, per gal- 
lon ; 

/' " allowable cost of the . second oil, 

per gallon ; 

R " distance traveled, per gallon ; 

F " fuel used on the train with the 

first oil ; 
F " fuel used on the train with the 

second oil ; 
c " cost of fuel ; 
f&f" the coefficients of friction ; 
r li ratio of total resistance of train to 

that of axle friction. 

t'sing the one oil, the expense would be 

QP+ C - F ; 

r 
with the second it would be 

- R QP' + f - f rcF. 

Then 

Qp + rcF—^Qif+fjrcF, 

and 
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Making m and m' the values per gallon per 
train mile, 

p : p' : : m : tn\ and ;//' ~ ^-. 

P 
Pure lard oil could best be taken as a standard 

for comparison on railroads. 

The experiment was recently tried on one of 
the great railroads of this eountry of using pure 
lard oil in summer and the best of sperm oil in 
winter on freight trains, employing a man to 
attend simply to lubrication. The effect was to 
increase the number of cars which could be 
hauled by each engine about ten per cent, and 
to secure much greater regularity of service. 
The saving effected in cost of transportation was 
sufficient to pay double the total cost of oil used 
and labor employed. 

In another case in which fifty per cent, more 
was paid for one oil than for another, the higher 
priced oil was found much the cheaper on the 
score of saving the expense of hot journals 
alone.* 

76. Use of the Figures Given. — There are 
three kinds of calculations which the engineer 

• ^•Railway World," x8 75 . 
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is called upon to make, in which these figures 
are needed : 

i. It is required to know what effort is needed 
to start a heavy body into motion when resting 
upon a smooth surface. 

2. It is required to know what force will keep 
a body in motion when once started. 

3. It is necessary to ascertain how many 
horse-power, or what fraction of a horse-power, 
will be wasted by friction under known condi- 
tions. 

To determine the force required to start in 
the first case we simply multiply the total 
weight or pressure which holds the rubbing sur- 
faces in contact by the proper coefficient oi 
friction, as given in the tables representing that 
case. Thus, suppose a weight or pressure of 
2,000 pounds to be exerted on surfaces having 
four square inches in contact, the total pressure 
is 2,000, the pressure per square inch is 500, and 
if sperm oil be used and the surfaces are of good 
metal, as in the last table of coefficients, the co- 
efficient will be 0.15, or 15 per cent. The resist- 
ance to motion will be, therefore, 2,000 x 0.15— 
300 pounds. 

In the second case, adopting the same condi- 
tions except that we wish to obtain the resistance 
while in motion, we find the coefficient to be 
0.004, or four-tenths of one per cent. The 
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resistance due to friction, while actually moving", 
is therefore 2,000 X 0.004 = 8 pounds. 

In the last case, we determine first the " work" 
wasted in friction, then the horse-power. 

To obtain the " work'' — the term being used 
in the scientific sense, and being therefore taken 
as the product of the resistance into the distance 
through which that resistance is overcome, or in 
'footpounds," as usually measured — we may 
use a set of rules which I will give in the same 
order and nearly the same terms that are adopted 
by Clark,* in which 

P equals the load or pressure (total) in pounds ; 
/ " the coefficient of friction ; 
s " space rubbed over in teet ; 
/ " time in minutes ; 

v " velocity of rubbing in feet, per minute ; 
R " revolutions per minute ; 
U " work in foot pounds ; 
H.P. " horse-power ; 
d " diameter of journal in inches ; 
r " radius " " 

/ " " length 
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Work Lost in Friction. 

1. Flat surfaces, U = fPs. 

2. Cylindrical journal per revolution = 0.26/Pd. 

3. " pivot (end) " — 0.175//V. 



* *' Manual of Rules, Tables and Data," etc 
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"Horse-Power Wasted in Friction. 

1. Flat surfaces, H.P. = ^ . 

2. CyKndrical journal = -J- . 

127,000 

fPRd 



pivot 



189,000 



77. Conclusions * — Studying the facts here 
laid out and the data acquired by many hun- 
dreds of other experiments made on one or the 
other of these last-described machines for test- 
ing lubricants, we may now recapitulate the 
facts and figures for ordinary use in machine- 
design and in estimating losses of power by 
friction. 

(1.) The great cause of variation with well 
cared-for journals is alteration of pressure, and 
it is seen that the higher pressures, within the 
range of these experiments, give the lowest per- 
centages of loss of power by friction. 

(2,) The value of the coefficient is seen to be 
greatly modified by the state of the rubbing 
surfaces ; and the necessity of keeping journals in 
perfect order cannot be too strongly insisted 
upon. A single scratch has its effect in wasting 
power. A journal should have its surface as 

* See " Trans- Am. Inst. Mining Engineer; 1878, Journal Frankiln Instt- 
ute," Nov., 1878. 
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Smooth and as absolutely uniform as a mirror, 
Every well-kept journal has such a surface; 

(3.) For general purposes, the value of the co- 
efficient may be obtained pretty closely by the 
square-root of the pressure per square inch by 

0.08 to 0.10, u e.: f = ~~T=, in which case it is 

given as that fraction of the total pressure 
which measures the resistance due to friction. 

(4.) The coefficient for rest or starting may 
similarly be taken as about 0.02 the cube-root 
of the pressure — i. e. y /' = 0.02 *y/~p for sperm 
and for crude mineral oil of good body, and 
0.015 the cube-root — /' = 0.015 V/ — f° r l ar d 
oil. For- closer estimates, the tables just given 
can be referred to directly. It would seem that 
each material has its own coefficient and its own 
appropriate exponent in the expression /<= c P°°. 

(5.) The coefficient for the instant of coming 
to rest, under conditions such as are here given, 
is nearly constant, and may be taken at 0.03. 

(6.) The resistance due to friction varies with 
velocity, decreasing with increasing velocity 
rapidly at very low speeds, as from 1 to 10 feet 
per second, and slowly as higher speeds are 
reached, until the law changes and increase at 
ordinary temperatures takes place, and at a very 
low rate throughout the whole range of usual 
velocities of rubbing in machinery. 
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The value may be taken, at a pressure of 200 
pounds per inch, as/=- 0.0015 ty~V m 

(7.) With pressure and velocity varying, we 
may take roughly, 

x Vv Vv 

/— 0.02 vv to f= 0.03 Z-V 
' VP Vp. 

(8.) The effect of heating journals under con- 
ditions here illustrated is, to increase the friction 
in proportion to the square of the increase of heat 
above say 90 to ioo° F., at a speed as low as 
30 to 100 feet per minute, while at higher speeds 
the opposite effect is •produced, and the co- 
efficient decreases more nearly as the square root 
of the rise of temperature. 

Under all conditions commonly met with by 
the maker of machines, the latter is the method 
of change, 

(9,) The temperature of minimum friction, 
under the conditions of these experiments, is 
about / = 15 V pfor a pressure of about 200 
pounds per square inch. 

(10.) The endurance of any lubricant should 
be determined by actually wearing it out upon 
a good journal under the pressures and veloci- 
ties proposed for its use. 

The economy with which it can be used will 
also be dependent upon its natural method and 
rate of flow, and upon its capillary qualities, 
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as well as upon its intrinsic wearing power, and 
the method adopted in feeding it. Greases, 
therefore, are usually more economical than oils, 
even if having less wearing capacity. 

(u.) The only method o* learning the true 
value of a lubricant, and its applicability in the 
arts, is to place it under test, determining its fric- 
tion-reducing power, and its other valuable 
qualities, not only at a standard pressure and 
velocity, and at ordinary temperatures, but 
measuring its friction and endurance as affected 
by changing temperatures, speeds and pressures 
throughout the whole range of usual practice. 

(12.) The true value of an oil to the consumer 
is not proportional simply to its friction- reduc- 
ing power and endurance under the conditions 
of his work ; but its value to him is measured 
by the difference in value of power expended, 
using different lubricants, less the difference in 
total cost of oil or grease used ; but for commer- 
cial purposes no better method of grading prices 
seems practicable than that here adopted, which 
makes their market value proportional to their 
endurance, divided by their coefficients of 
friction. 

The consumer will usually find it economical 
to use that lubricant which is shown to be the 
best for his special case, without regard to price, 
and will often find real economy in using the 
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better material sufficient to repay excess in the 
total cost very many times over. He cannot 
afford to accept low grade unguents, even with- 
out charge. 

(13.) To secure maximum economy, the 
journal should be subjected to a pressure deter- 
minable by either Rankine's or Thurston's 
formula (Art. 28) ; the most efficient materials 
should be chosen for the rubbing surfaces ; they 
should be reduced to the most perfect state of 
smoothness and perfection in form and fit ; a 
lubricant should be chosen which is best adapted 
for use under the precise conditions assumed ; 
the lubricant should be supplied precisely as 
needed, and by a method perfectly adapted to 
the special unguent chosen. 

The semi-fluid lubricants, if equally good 
reducers of friction, are usually the most eco- 
nomical, in consequence .of their peculiar self- 
regulating flow, as the rubbing parts warm or 
cool while working. 

Where heating is not to be anticipated, maxi- 
mum economy is obtained by the minimum rate 
of supply allowable only if that supply be main- 
tained with absolute uniformity. 
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Chlorine, Cocoanut, Cod, Colza, Cotton Seed, Cylinder, 
Elaine, Engine, Fats, Fish, Grease, Hempseed, Horsefoot, 
Kerosene, Labrador, Lard, Mecca, Menhaden, Mineral, 
Naptha, Neatsfoot, Nut, Olive, Palm, Paraffine, Peanut, 
Petroleum, Porgy, Rapeseed, Ray, Red, Rhigoline, Roxin, 
Sea Elephant, Sesame, Shale, Sheepsfoot, Soda, Sperm, Tal- 
low, Tanners', Vegetable, W. Va.). 
Oils (see Chemical, Coefficient, Congelation, Drying, Fire Test, Fixed, 
Friction, Gumming, Heat, Lubricant, Specific Gravity, Tem- 
perature, Viscosity). 

Oil, Action of Acids 80, 95-104 

Action of Metals 62, 63 

Burning Points 45, 74, 76, 

Chemical Tests of 

Coefficient of Expansion 

Commercial, at Different Pressures — Thurston 194-196 

Containing Copper, Detection of 63 

Density ■ 73 

Effect of Heat 7a 

Electric Conductivity 7a 

Fire Tests 72 

Flashing Points 45, 74, 76, 78 

Compared with Grease as a Lubricant 40 

How Fed 58 

Identification of 60, 61 

Impurities of 80 

Mineral, Density 7° 

Mixtures of 64 • 

Purification of 54 

Temperature of Distillation. 73 

Temperature of Vaporization. 73 

Oiling Journals, Method of 58* 59 

Olive Oil. Action of Acid* 79-95 

Congelation T , . 153 
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Density.... •»....., 69 

Increase of Heat by Addition of" Sulphuric Acid 79 

Lubricating Value 159 

Specific Gravity 153 

Viscosity 153 

Oleography 81 

Oleomatry 65 

" Palier-glissaot" of Girard 68 

Palm Oil, Action of Acids 79* 95 

Density 69 

Friction on Cast Iron Journals 157 

Paraffine Oil, Action of Acids 79. 95 

Density 70 

Endurance ■ 152, 153 

Lubricating Value of 152 

Pavements (see Roads). 

Resistance of Vehicles on 11, xa, 16 

Peanut Oil, Action of Acids 95-104 

Density 69 

Friction on Cast Iron Journals 157 

Pernitrate of Mercury, Action on Oils 92, 93, 102-104 

Petroleum Oil, Density .'49, 50, 70 

Endurance 152 

Lubricating Value 152 

Temperature of Distillation 72 

Phosphoric Ac id, Action on Oils 92, 93, 100. 101, no 

Pine on Pine, Coefficient of Friction 26, 182, 183 

Pistons of Pumps, Friction of. 37 

Plumbago, As a Lubricant 59 

Grease, Endurance 195 

Plungers of Hydraulic Press, Friction of 37 

Poire, Adhesion of Locomotive Driving Wheels 39 

Poppy Oil, Action of Acids ^79, 95-104 

Density 69 

Increase of Heat by addition of Sulphuric Acid 79 

Porgy Oil, Action of Acids 79, 95 

Specific Gravity and Density 69 

Potassa, Action upon Oils 93 

Power (see Work, Horse). 

Cost of with reference to Lubricants 201-204 

Pressure, Admissible with different Lubricants 152-154 

On Brake Block 33 

Comparative, obtained with different Lnbricants 152, 153 

As affecting Friction 210 

Friction with Varying 173 

Influence upon Friction. 10, 39 

Limits of 56 

Low, Coefficient of Friction 156 

Maximum on Rubbing Surfaces 5 s, 56 

Relation between Pressure and Friction 174, 175 

To Produce Skidded Wheels 37 

and Speed Varying, Friction with 187 

Speed and Temperature Varying, Friction with 187 

and Temperature Varying, Friction 188 

Temperature and Speed Varying, Friction 1 85-193 

Velocity and Temperature Variable, Friction with 185-187 

and Velocity Varying Simultaneously, Friction 187 

on Unguents between Surfaces of Rest 34 

Pullies of Cast Iron, Friction of Belts on 183 
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Pump Pistons, Friction of. 37 

Purification of Oils 54, 55 

Parity of Oils, To Determine..... 102-iix 

Quiescence or Starting, Friction of. .20, 24, 25, 27. 34, 178, 179, 306, 209 

Rails, Adhesion of Driving Wheels 29, 32 

and Brakes, Friction ofT 29 

Condition of Surface 30 

Railroads (see Adhesion, Axles, Gars, Wheels). 

Trains, Coefficients of Rolling Friction 16 

Curves, Elevation of Outer Rail. Whinery 17 

Train, Flange Resistance 14 

Lubricant Machine. Thurston's 145 

Trains, Resistance of Air 15 

Train Resistances. Chanute's Analysts 17 

Train Resistance. Clarke's Formula 15 

Trains, Resistance of 13 

Trains, Resistance on Curves ic 

Trains, Rolling Resistance 11 

Rankine, Formula for Size of Journals fur Locomotives 31 

Friction on Belts 36 

Rape Seed Oil, Action of Acids. 79, 95 

Cotton Waste Saturated with Oils, Temperature of Spontaneous 

Ignition and Combustion 8c 

Density 69. 

Fluidity 89 

Friction on Cast Iron Journals 157 

Increase of Heat by addition of Sulphuric Acid 79. 80 

Rise in Temperature by Ft ction 151 

Viscosity 87 

Ray Oil, Action of Acids 100-104 

Density. 69 

Reactions, Chateau's General 91 

Table of. Method of Using 105 

Behren's no 

Reagents (see Acid Chemical). 

Use in Identification of Oils 60. Ji, 94 

Records, Blanks for Lubrication Tests of the Mechanical Laboratory 

of the Stevens Institute of Technology 137 

Red Oil, Action of Acids 79. 9s 

Density 09 

Red Saponified Oil, Specific Gravity 92 

Refining of Crude Cotton Seed « 11 55 

Rennie on Friction and Abrasion 26 

Repose, Angle of. 25 

Researches, Early 149 

Rest (see Quiescence). 

Rhigoline Oil, Action of Acids 79. 95 

Density 70 

Rigidity of Wire and Hempen Ropes 18 

Roads (see Railroad). 

Macadamized. Resistances of Vehicles 11, 12, 16 

Rolling Friction, Coefficient for Metal i» 

Coefficient for Wood 9, 10 

Coulomb's Experiments 9. 10 

Morin's Experiments 

Laws of 9 

Railroad Trains 13 

Ropes (see Belts, Cords, Pullies, Shears). 

Friction on Pullies......... 36 



xiL 

Rosin Oil, Action of Acids 79, 9$ 

Coefficient of Friction on 157 

Density 69 

Specific Gravity 69 

Rubber Belting (see Belts). 

Salad (Cotton Seed) Oil, Density 69 

Sea Elephant Oil, Action of Acids 79, 95 

Density 69 

Scat Oil, Action of Acids 95-104 

Density 69 

Fluidity 89 

Friction on Cast Iron Journals. 157 

Sesame Oil* Action of Acids 95-104 

Density 60 

Shafting Mill, Friction of. 40, 41 

Oiling of. Intermittent and Continuous. 40 

Shale Oil, Action of Acids 49, 79, 95 

Density 69 

Shaw's water Bearings 47 

Sheepsfoot Oil, Action of Acids 96-104 

Density 69 

Sheep's Fat, Analysis of 61 

Size of Journals 56 

Skates Steel, Friction of 29 

Skidded "Wheels, Friction of. 30. 31, 33 

Skids on Rail*, Coefficient of Friction 182 

Sliding Friction 9, 20, 26 

Soapstone as a Lubricant 52, 53 

Society of Arts, Experiments on Resistances of Omnibuses 12 

Soda Caustic in Lubricant Mixtures 50. 51 

Soda Oil, Action of Acids 79, 95 

Density 69 

Solid Lubricants (see Lubricants). 

Specific Gravity of Lubricants ,...65, 68, 69, 70, 76 

Speed (see Velocity). 

Sperm Oil, Action of Acids 95-"M 

Crossley's Apparatus for Testing 117 

Congelation 78, 153 

Density 69 

Endurance 153 

Flashing and burning Points 78 

Fluidity 89 

Specific Gravity 153 

Rest of. 162, 164, 171-175 

Value as a Lubricant 126, 127, 154, 155 

Viscosity of 85, 87, X53 

Spindle tills (Natural Summer and Winter Bleached), Coefficient of 

Friction for Cast Iron Journals 156 

Spontaneous Combustion, Temperature of. 80 

Starting (see Quiescence). 

Steam Cylinder Lubrication 136 

Steel Boxes and Cast Iron Journals, Friction 175 

Steel, Friction of Abrasion 28 

Steel Journals with Bronze Boxes, Friction 185-187 

Endurance of Oils on 196 

Friction of 1 74, 175, 188 

Steel Skates, Friction of 29 

Steel Tires, Friction of Brake Shoes 32, 33 

Still Bottom, Impurities of Mineral Oils 80 
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Still well, Determinations of Specific Gravity of Oils » 68 

Straits (Cod) Oil. Density 69 

Sulphur ag a Lubricant 56 

Sulphuric Acid, Action on Oils 79, 80, 90-110 

Surfaces, Condition of 208 

Influence upon Angle of Repose 27 

Tairliabue, I ire Test Apparatus for Oils 73 

TaUow, Action on Acids 79, 95 

Density 69 

asa Lubricant, Value of 38, 50, 51, T52 

Tallow Oil, Action of Acids 95-104 

Congelation of. 153 

Density 69 

Durability 152, 153 

Friction 156 

Lubricating Value of 152, 153 

Specific Gravity 153 

Viscosity 153 

Tanner's Cod Oil, Action of Acids 79, 95 

Temperature (see Congelation, Heat, Fire Tot). 

of Bearings with Various Lubricants 15T 

on Bearings, Wheeldon, Coleman and Napoli's Experiments ...150, 151 

of Distillation 72 

Effect on Friction 21c 

Journal as affecting Friction 210 

of Lubricated Journals 159, 165 

of Minimum Friction 190, 210 

for Different Pressures and Speeds 185-193 

Pressure and Speed Varying, Friction 187 

Pressure and Velocity Varying. Table of Coefficients 185 

Speed and Pressure Varying, Friction 185, 193 

Velocity and Pressure Variable, Friction 185-188 

of Spontaneous Combustion. ••• 80 

Testing for Acids 63 

for Adulterations 64 

to Ascertain Name of Oil 105-108 

to Ascertain Purity of Oil. 109-1 11 

for Copper 63 

for Lead . 63 

Lubricants. Machines for (see Apparatus, Adulterations). 

At Mechanical Laboratory of Stevens Institute of Technology.. . 159-172 

Of Oils. Facts to be Determined 59 

Oleography 81 

Tests with Acid 79. 80 

(see Bichloride). 

of Chemical Methods.. 63, 64, 79, 80 

for Cold (see Congelation). 

of Drying 85 

Durability of Lubricants (see Lubricants). 
Effects of Heat (see Heat). 

of Gumming . 85 

of Gumming of Lubricants (see Gumming). 
of Lubricating Properties (see Lubrication). 

Thermal Units, British, French 42 

Thurston, Apparatus for Testing Lubricant 128, 145 

Experiments, 128-145, 156-180, 185-196 ^ 87 

Coefficient of Friction on Cast Iron Journals ... 156, 157 

Coefficient of Friction on Fine Steel Journals, Varied Pressures. . . . 174 
Coefficient of Friction of Motion and Rest 175 177 
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Coefficient of Friction of Greases » 157 

Coefficient of Friction of Quiescence 178, 179 

Conclusions drawn from data obtained 208-212 

Details^f Tests 159-173 

Endurance of Commercial Oils at Different Pressures. 94-96 

Endurance of Lubricants 194-196 

Formula for Size of Journals 56, 57 

Friction, Sperm Oil, Steel Journals, Bronze Boxes, Velocity, Tem- 
perature and Pressure Variable 180, 187 

Low Pressures, Coefficients 156 

Pressure and Temperature Variable, Steel Journals, Sperm Oil, 

Friction. 188 

Railroad Testing Machine 145 

Viscosity of Oils 86, 87 

Time of Contact, Influence of (see Quiescence). 
Tin (see Bichloride). 

Action of Oils upon 63 

Tires (see Wheels). 

Steel, Friction of Brake shoes 32, 33 

Tomlinson's Oleographic Teat* 81 

Towne and Briggs, Friction on Belts 36, 37 

Traction, Resistance 30 

Tresca, Resistance of Vehicles 12 

Unbleached Deodorized Lubricating Oil, Friction on 157 

Unguents (see Lubrication). 

Classification of 61 

Characteristics of 43 

Effect of Heat upon 72 

Effect of Heavy Pressure with Surfaces at Rest 34 

Fatty, Classification of 61 

Value of a Lubricant 45, 211 

Commercial of Lubricants 200 205, 211 

Van Cleve's Testa of Lubricants 154, 155 

Varying Pressure. Friction with 173 

Pressure, Speed and Temperature, Friction 85-193 

Speed and Pressure, Friction with 187 

Speed, Pressure and Temperature, Friction with 187 

Velocity, Friction with 180 

Velocity, Pressure and Temperature, Friction 185-188 

Vaporization of Oils. Temperature of. Point of 72 

Vegetable Oils, Action of Acids 79. 95 

Analyses of Chevreul and Braconnet 61 

Analysis of de Saussure 61 

Density 69 

Effect of Chloride upon 89 

Vehicles, Resistance on Macadamized Roads : 11, 12. 

Resistance on Roads n, 12, 13 

Velocity (see Speed). 

Influence on Friction 30, 32, 39, 209, 210 

Pressure and Temperature Varying, Table ot Coefficients 185 

Pressure and Temperature Variable. Friction with Sperm Oil, Steel 

Journals, Bronze Boxes. Thurston 185-187 

and Pressure Varying Simultaneously, Formula for Friction with 

Sperm Oil 1 87 

Varying, Coefficient of Friction, Low Pressure and Slow Move- 
ments. Kunell 8$ 

(see Speed). 
Viscosity of Oils, 153 (see Gumming). 

as affecting Endurance • 197 



METALINED MACHINERY 

Runs Without Oil, Grease or other Lubricants. 
SPECIAL AND EXCLUSIVE UCESSES 

For the use of Met aline and Metaline DBubHES will lie granted 
to the right parties for their speiialties. Where "Licenses" are 
or have been granled, all orders for Metaline or MtTALINED 
BUSHES must be addressed directly lo the in for such use. 





Manufacturers, and olhers, would save I hem selves much an 
noyance ami expense if iliev would communicate with us when 
they desire to dispense with lite use of oil, instead of wasting 
their time and money on parlies claiming their mixture* are "the 
same as," "improvements on," or "superior to" Metaline, 
thereby rendering themselves liable to suits fur infringements 
ol our patents, and we cauiion them against purchasing Iroro 
anyone but ourselves, or our accredited Agents or Licensees. 

American Metaline Company, 

204 it, 206 Greene Street, 
NEW YORK. 
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METALINE. 



Dr. Stuart Gwynn, an Engineer, esteemed by all practical 
engineers who know his ability and knowledge, both here and 
abroad, as the inventor of the ll Centrifugal Pump," and many 
other wjII known articles and processes, as early as 18SS ^°^ 
an idea that he could run machinery without requiring the appli. 
cation of oil, grease or any extraneous lubrication. 

In 1868 he had so far perfected his inventions in this direc- 
tion as to offer them to the public under the "trade mark 1 * 
name of 'Metaline ' whim is the name of a Series Of Silbf 
Stances, and not. as many suppose, that of a single compo- 
sition. 

To Dr Gwynn i$ due the credit of rendering possible and 
first introducing a new system of journal bearings, the base of 
which is \* Integral Lubrication 1 '' of which Met ALINE is the 
pioneer and exponent. 

The American Metaline Company own and control the 
twenty patents now covering the compounds, processes and 
applications ;. also the special machinery used in the manufac 
ture of Metaline, Metaline Bearings and Metaline Pack 
ing for the American Continent and adjacent islands. 

This Company will allow no infringements of its patents and 
rights. Many other patents will be taken out, part of them 
pending, cove* ing recent improvements. 

Worthless imitations have from time to time been offered to 
mill owners under various names, while some unscrupulous men 
have been and are now putting before the public fraudulent imi- 
tations under our trade mark name of " Metaline." None of 
these have stood the test of time, consequently this Company have 
taken no notice of the persons offering them for use. 



American Metaline Company, 

204 A 206 Greene Street, 
NEW YORK. 
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Railroad Gazette 

PUBLICATIONS. 

o 

ANY BOOK on Railroad' or Engineering fptork will be sent on re eipt of 
retail price. Address, and make checks and orders payable to The R a ilroad 
Gazette, 73 Broadway, New York. 

O 

Railroad .Gazette, published weekly ; the best Railroad and General 
Engineering Paper published in America. 1 4. 30 per year. Specimen 
copies free. 

BOOK8. 

Catechism of the Locomotive, by M. N. Forney ; 635 pages, 350 

Engravings, Price #3.50. 
Economic Theory 0/ the Location 0/ Railways. By A. M. 

Wellington. Price f 3.00. 
Roadmaster's Assistant and Section-Master's Guide. By 

Wm. S. Huntington. Revised by Chas. Latimer. Price $1,50. 
Railway Re venae and its Collection. By M. M. Kirkman. 

Price $2.50. 
Railway Disbursements. By M. M. Kirkman. Price $3.00. 
Railway Service; Baggage Car Traffic. By M. M. Kirkman. 

Price $2.00. 
Railway Service ; Trains and Stations. By M. M. -Kirkman. 

Price 1 3. 00. 
Pocket Railroad Report. By Thos. D. Maurer. Morocco Pocket- 
book Covers, $1.50 each. Blank Forms (one for each month), 40 cents 

each ; or, $4.00 per dozen. 
Friction and Lubrication. By R. H.Thurston. Price $1.50. 
Car Builders* Dictionary. By a Committee of the Master Car 

Builders' Association. Fully Illustrated. Price $1.75. (Ready in July, 

1879.) 

PAMPHLETS. 

Cost of Passenger Traffic (Fink) $0 75 

Cost of Railroad Transportation (Fink) 07s 

Railroad Local Passenger Traffic (by F. J. Lee) o 35 

Railroad Employes in France (Jacqmin) o 35 

The Verrugas Viaduct (Pontzen) o 40 

Frog Angles and Distances (Gieseler) ' o 35 

Locomotives for Rapid Transit (Forney) o 40 

Standard and Narrow Gauge (Von Weber) o 35 

American Railway Master Mechanics' Association Reports, each 1 75 

Master Car Builders' Association Reports, each o 50 



